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The Year-A-Round Cab Company (an industrial metal preparation, painting, and 
welding facility) in Mankato, MN has a history of numerous environmental violations.  
The site is located 300 yards north of Hiniker Pond, a popular swimming spot.  The 
primary purposes of my research were to determine if BTEX (ethyl benzene, toluene, and 
xylenes) and heavy metals had reached Hiniker Pond, and model estimated contaminate 
plumes from the Year-A-Round Cab Company.  Lead, cadmium, and chromium were 
found in sediments at levels of up to 30 times higher near the site as compared to the 
FRQWUROODNH+DOOHWW¶V Pond.  Although BTEX were not found in surface water or 
sediment samples, it has been confirmed to be in manholes on the site at levels of up to 
6,000 mg/L by the MPCA in September, 2010.  GFLOW, MODFLOW and the transport 
engines MT3DMS (lead as surrogate) and RT3D (toluene as surrogate) were used to 
predict the spread of contamination off site.  Based on the modeling, heavy metal 
contamination most likely has occurred through surface runoff and BTEX contamination 
is possible through groundwater flow.  A comprehensive testing plan should be 
developed based on current models to understand the full extent of the BTEX, lead, 
cadmium, and chromium contamination.  Column studies should be completed to refine 
the GFLOW and MODFLOW models. 
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CHAPTER I 
 
INTRODUCTION 
 
 Hiniker Pond (MNDNR Lake # 07-014700) is a very popular swimming area in 
Mankato, Minnesota.  It was an active gravel pit from 1936 to 1972 (Preuhs, 1998).  
During its operation, approximately one million cubic yards of sand and gravel were 
removed and rinsed at a wash station setup on the pond (Fischenich, 2009; Preuhs, 1998).  
Hiniker Pond covers 18-acres and has a maximum depth of 21 feet with an average depth 
of 9 feet (Minnesota DNR, 2007; United States, 1980).  
Adjacent to Hiniker pond is a small oxbow that was formed when the U.S. Army 
Corps RI(QJLQHHUV$&2(PRYHGWKH0LQQHVRWD5LYHULQWKHHDUO\¶VDVSDUWRID
flood control project (Water Resource Center, Minnesota State University, 2002).  It is 
locally referred tRDV³2[ERZ/DNH´(Minnesota Pollution Control Agency, 2010a).  A 
gate valve flow over system allows water to travel between the two water bodies (United 
States, 1980).  A drainage ditch, known as the US-14 ditch flows into Oxbow Lake as 
well as a seasonal overflow canal that originates from Spring Lake, a small water body 
located to the south of Hiniker Pond (Minnesota Pollution Control Agency, 2010a). 
In 1975 the Hiniker Pond was sold to the City of Mankato, Minnesota for one 
dollar (Blue Earth County Minnesota, 1975).  Due to the heavy use of Hiniker Pond as a 
³UHEHOVZLPPLQJKROH´WKH&LW\RI0DQNDWRZRUNHGZLWKWKH$&2(WRGHYHORSWKHSRQG
and surrounding property into the multi-use recreational park that it is today (United 
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States, 1980).  According to the ACOE (1980), Hiniker Pond was considered to have 
³excellent water quality for recreational use´, but Oxbow Lake was considered unsuitable 
for recreation due to a high fecal coliform bacteria count (United States, 1980). 
 In the September of 2010, the Minnesota Pollution Control Agency (MPCA), 
found a site 300 yards north of Hiniker Pond at 110 West Lind Street, North Mankato, 
Minnesota, to be contaminated with organic chemicals.  The site was used for metal 
forming, welding, preparation and painting from at least 1966 through 2010 (Minnesota 
Pollution Control Agency, 2010b).  There has been a long history of heavy metal disposal 
on site and numerous other environmental problems (see appendix I-IV) (Minnesota 
Pollution Control Agency, 2010b; Minnesota Pollution Control Agency, 2010c; State of 
Minnesota, 1985).  Suspected disposal onsite included incinerator ash, metal cleaning and 
painting solvents.  The West Lind site is currently being considered for listing as a state 
superfund site or long term remediation site by the state of Minnesota (Minnesota 
Pollution Control Agency, 2010a).  Year-A-Around Cab Company owned the site from 
1966 until 2010, and specialized in the preparation and painting of farm tractor cabs, farm 
implements, and corn stoves (Burman, 2011).  In 2010 the property was purchased by 
Herataus properties. 
Tests conducted by the MPCA on September 24, 2010 found high levels of ethyl 
benzene, toluene, and xylenes (ortho, meta, and para), in the following levels in 
manholes.  The MPCA data are presented below: 
ethyl benzene   1,901 ppm 
toluene   638  ppm 
m-Xylene and p-Xylene 6,847 ppm 
o-Xylene   2,169 ppm 
  (Minnesota Pollution Control Agency, 2010c) 
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Benzene, toluene, ethyl eenzene, and isomers of xylene are referred to as BTEX 
compounds.   
The MPCA has confirmed that manholes from the facility flow directly into the 
US-14 ditch (Minnesota Pollution Control Agency, 2010c).  The MPCA found that the 
paint washing system and underground storage tanks empty directly into a drainage field 
behind the buildings, and in turn drain into the US-14 ditch.  
 In 1985 samples from the tanks mentioned above had chromium (Cr), lead (Pb), 
and cadmium (Cd) in the following levels:  
Chromium  18,000 ppb  
Lead   520 ppb 
Cadmium  210 ppb  
(State of Minnesota, 1985).    
 
In July 1985 soil samples taken from 4 holes (#16, 18, 19, 20) at depths between 1-1.5 
feet had up to 200 µg/g of toluene and xylenes plus over 50 µg/g of ethyl benzene. A 
diagram where the samples were collected and results of analyses are included in 
Appendix I. 
+DOOHWW¶V3RQGIRUPDOO\NQRZQDV³XQQDPHGODNH-´LQ6DLQW3HWHU
Minnesota served as a comparison site (Minnesota DNR, 1999)+DOOHWW¶V3RQGLVYHU\
similar to Hiniker pond in that it was a gravel pit that was closed and sold to the City of 
St. Peter in 1974 (Linehan, 2007)+DOOHWW¶V3RQGFRYHUVDFUHVDQGKDVDPD[LPXP
depth of 35 feet with an average depth of 12 feet (Minnesota DNR, 1999).  It is used for 
fishing, but swimming is not allowed.  It is also used for emergency storm water storage 
and discharge. 
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The purpose of my research was three fold: (1) determine if there were higher 
levels of BTEX compounds and heavy metals (Cd, Cr, and Pb) in Hiniker Pond, Oxbow 
Lake, and/or the US-GLWFKZKHQFRPSDUHGWR+DOOHWW¶V3RQG; (2) develop surface water 
and ground water models with GFLOW and MODFLOW to estimate the transport and 
fate of BTEX compounds and heavy metals from Year-A-Round Cab Company at 
different time intervals; and (3) determine if seasonal levels of total phosphorous (TP), 
ortho phosphorus (P-PO4), nitrogen in the form of nitrate (N-NO3) , nitrite (N-NO2), and 
ammonia (N-NH3), sulfates (SO4), E. Coli, Secchi Disk, pH, conductivity, temperature, 
and dissolved oxygen (DO) were different between Hiniker Pond  and HalleWW¶V3RQG. 
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CHAPTER II 
 
LITERATURE REVIEW 
 
A. BTEX Compounds 
Benzene, toluene, ethyl benzene, and the three isomers of xylene, are collectively 
known as BTEX.  The structure of several BTEX compounds are presented in Figure 1, 
and the chemical characteristics of BTEX compounds are summarized in Table 1.  
(EUGRIS, 2012).   
    
Figure 1.  The structure of several BTEX compounds (EUGRIS, 2012) 
 
Table I.  Properties of BTEX compounds 
Compound Mole weight 
g mole-1 
Density 
g ml-1 
Boiling 
point qC 
Water 
solubility 
mg l-1 
Vapor 
pressure 
mm Hg 
Log 
Kow 
Benzene 78 0.88 80.1 1780 76 2.13 
Toluene 92 0.87 110.8 535 22 2.69 
o-Xylene 106 0.88 144.4 175 5 2.77 
m-Xylene 106 0.86 139 135 6 3.20 
p-Xylene 106 0.86 138.4 198 6.5 3.15 
Ethyl 
benzene 
106 0.87 136.2 152 7 3.15 
              
         (EUGRIS 2012) 
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 BTEX compounds are found in many petroleum products including gasoline, fuel 
oil waste, and in a wide variety of common contaminants such as industrial cleaning 
wastes (Chang Chien et al., 2010).  BTEX compounds are extremely dangerous to human 
health, are not easily degraded, and even trace amounts pose a threat to human life and 
aquatic organisms (Kahan & Donaldson, 2010).  BTEX compounds are listed as 
carcinogens, endocrine disruptors, neurotoxins, and reproductive inhibitors by the U.S. 
Department of Health (U.S. Department of Health and Human Services, 1986).  In 
studies, they have also been linked to kidney and liver damage (Batlle-Aguilar et al., 
2009).  Benzene is known to cause bone marrow damage leading to anemia and Lukemia. 
 
B. BTEX Transport and Fate 
There are many processes that affect the mobility and persistence of BTEX 
compounds in the environment.  These processes include dispersion in water, sorption by 
soil organic matter (SOM), volatilization into the air or into soil air spaces, and microbial 
degradation.  They can also undergo oxidation, reduction, hydrolysis, and polymerization 
reactions (Batlle-Aguilar et al., 2009; Epstein & Chaney, 1978; Kahan & Donaldson, 
2010).  The type of degradation is dictated by the medium (water, soil, or air), as well as 
pH, surface activity, and solubility (Epstein & Chaney, 1978).   
Chang et al. (2010) recently completed a study on how BTEX compounds are 
transported or absorbed by Humic Acids (HA) in SOM.  This occurs because aromatic 
hydrocarbons are very hydrophobic, having low water solubility (Chang Chien et al., 
2010)&KDQJHWDOFRQILUPHGWKDW+$¶VKDGDKLJKHUVRUSWLRQUDWHRI%7(;FRPSRXQGV
(toluene used as the indicator) at lower pHs.  Larger BTEX compounds were absorbed by 
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SOM and contamination was transported less distance, therefore remaining closer to the 
initial source of contamination (Chang Chien et al., 2010).   
Kahan, T., & Donaldson, D., (2010) looked at how BTEX compounds in surface 
water degrade with cold temperatures and ice. In the normal degradation process, 
hydroxyl radicals in the atmosphere react with BTEX and remove them in small 
quantities over time (Batlle-Aguilar et al., 2009).  This process occurs naturally in surface 
waters and is a very slow process.  They found that when aromatic hydrocarbons were 
present on the surface of ice, that the ice-air interface would block hydroxyl radicals.  
This causes the BTEX compounds to become more persistent in an area that experiences 
freezing temperatures (Kahan & Donaldson, 2010). 
Microbial degradation of the BTEX compounds is very dependent on dissolved 
oxygen levels, pH, and temperature. Under anaerobic conditions the presence of nitrates 
and sulfates are important (Epstein & Chaney, 1978).  Morgan et al. (1993) studied the 
rate and extent of biodegradation of BTEX compounds in ground water and found that 
elevating the incubation temperature of the test sample, and the addition of inorganic or 
organic nutrients had no affect on the rate or extent of biodegradation of BTEX.  The 
only limiting factor they could find associated with the degradation of BTEX was oxygen 
(Morgan et al. 1993).  Morgan et al.(1993)  also studied degradation of BTEX 
compounds under anaerobic conditions. No breakdown occurred unless nitrates were 
added to increase microbial activity and respiration.  Morgan et al. (1993) was able to 
achieve biodegradation, at a much slower rate than in an aerobic environment, of 
benzene, ethyl-benzene, toluene, m-xylene, and p-xylene, but o-xylene was unaffected. 
BTEX compounds can also biodegrade under strict anaerobic conditions, degrading 
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simultaneously as sulfate reduction occurs, but less favorable under denitrifying 
conditions (Cunningham et al., 2001).  Due to the persistence of these compounds under 
anaerobic conditions, they can be transported rather long distances (Cunningham et al., 
2001). 
 
C. Heavy Metals 
The term heavy metal generally refers to metals that have a specific density of at 
least 5 g/cm3 (Järup, 2003).  Heavy metals identified at the Year-A-Round site by the 
MPCA are Cd, Cr, and Pb (State of Minnesota, 1985).  The eco-toxicological impact of a 
metal in water is highly dependent on pH, alkalinity, hardness of the water, and the 
presence of other ions, such as sulfates (Malakootian, Nouri, & Hossaini, 2009).  Heavy 
metals currently are the most common problem in soil contamination and are present in at 
least 60% of the sites listed on U.S. EnvironmHQWDO3URWHFWLRQ$JHQF\¶VEPA) National 
Priority List (Peters, 1999).  Heavy metals do not degrade and tend to accumulate in 
organisms and systems over time, causing numerous disorders and diseases in humans 
(Malakootian et al., 2009).  Metals found on this site that pose the highest risk to human 
health, when factoring in exposure, dose, toxicity, and route of exposure are lead, 
cadmium, and chromium (Järup, 2003; Minnesota Pollution Control Agency, 2010c).  
The form a metal will take when it is in sediments is very dependent on the pH and Eh 
(electron activity) of the water.  
1. Cadmium 
Cadmium (Cd), which naturally occurs in ore together with lead, is typically used 
as color a pigment in industrial paint, as a chemical stabilizer in PVC products, and in 
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household batteries (Järup, 2003).  Cadmium exposure to humans in developed nations 
has increased dramatically over the twentieth century due to the increased use and lack of 
recycling of the products coupled with increased dumping of household waste (Järup, 
2003).  In surface or ground water, insoluble Cd compounds can form (Figure 2) and will 
be deposited in sediment (Wang, Chen, Yeh, & Shue, 2001).   
$WORZS+¶V&G uptake in soils by plants is optimized (Järup, 2003; Wang et al., 
2001).  The health effects of Cd include kidney damage, particularly damage to tubules, 
resulting from renal lesions, and an increase in kidney stones.  Long-term exposure can 
cause mineralization of the bones or early onset osteoporosis, similar to that seen in Japan 
with the Itai-Itai (ouch-ouch) disease incident (Järup, 2003). 
 
                   Figure 2.  Speciation of cadmium in the aqueous environment 
(shaded areas are insoluble compounds) (US EPA 2007)   
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2. Lead  
Lead (Pb) is a naturally found in ore with cadmium.  It is commonly used in 
industrial paints that protect metals subjected to high corrosion conditions and in 
automotive batteries (Järup, 2003).  Lead exposure is one of the most common toxic 
exposures to humans in the 20th century.  These exposures usually occur equally between 
both inhalation and ingestion from food (Järup, 2003). Lead has a history of causing 
permanent neurologic damage and has been linked to lowered IQ scores in adults when 
exposed during childhood (Järup, 2003). While the half-life of Pb in the blood is only 
usually 1 month, it can persist in the skeleton for up to 30 years (Järup, 2003).  Long-term 
exposures to lead can cause peripheral nervous system deterioration, psychosis, reduced 
consciousness, and death.  Lead forms insoluble compounds in an aqueous environment 
(Figure 3). (Wang et al., 2001).   
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         Figure 3.  Speciation of lead in the aqueous environment  
  (shaded areas are insoluble compounds) (US EPA 2007) 
The chemical composition of the compounds in Figure 3 is as follows: Anglesite, PbSO4; 
Cerussite, PbCO3; Hydrocerussite, Pb3(CO3)2(OH)2; Galena, PbS; and Plattnerite, 
PbO2.  
3. Chromium 
Chromium (Cr) is a widely used metal in industrialized nations.  Chromium is 
used extensively as a pigment in paints, industrial paint primers, electroplating, and steel 
productions (Goldoni et al., 2006; Sabty-Daily, Luk, & Froines, 2002).  It has two 
oxidation states, trivalent (Cr III) and hexavalent (Cr VI).  Chromium (III) is naturally 
occurring in the environment, is needed in the body as an essential nutrient and its 
toxicity is considered to be very low (Demir & Arisoy, 2007).  Chromium (VI) does not 
normally occur in the environment, is recognized as being highly toxic, and classified as 
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a Class I human carcinogen by the International Agency for Research on Cancer (IARC) 
(Goldoni et al., 2006).  Chromium (VI) is the form that is used in industrial paints and 
primer due to the red color and superior ability to inhibit corrosion (Sabty-Daily et al., 
2002).  Both Cr (VI), which is much more toxic to humans, and Cr (III) can exist as a 
solid or in aqueous forms, as an oxide or hydrated oxide when in solution and will bond 
with other species to form soluble and insoluble compounds as seen in Figure 4. (Demir 
& Arisoy, 2007). 
 
  Figure 4.  Speciation of Chromium in the aqueous environment  
     (shaded areas are insoluble compounds) (US EPA 2007) 
 
D. Heavy Metal Transport 
 
The movement of metals in soil, surface water, and in ground water is very 
complex.  In soils the transport, fate, mobilization, or immobilization of these metals are 
controlled by a range of factors that include: SOM, pH (soil acidity), the metal species 
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(oxidized or reduced form dependent on anaerobic or aerobic conditions), and Cation 
Exchange Capacity (CEC) of the soils (Baumann et al., 2006). According to Epstein 
(1978) heavy metals applied to soils will be immobilized through REDOX (dependent on 
dissolved oxygen) reactions, adsorption by colloids, bind with soil organic matter, or be 
taken up by plants.  Generally uptake by plants happens when the pH is below 7.5 
(Epstein & Chaney, 1978).  According to Hochella et al. (2005) Pb and Cr will form 
sulfates or metal hydroxides, while Cd will form carbonates or phosphates.   
In water, pH, alkalinity, presence of carbonates, phosphates, sulfates, and 
hydroxides are factors that would decide immobilization or transport (Epstein & Chaney, 
1978; Hochella Jr. et al., 2005; Wang et al., 2001).  Heavy metal transport in the ground 
water environment was heavily dependent on colloids of differing sizes (Baumann, 
Fruhstorfer, Klein, & Niessner, 2006).   Colloids are particles between 5-200 nanometers 
and can have a positive, negative or zero charge.  Negatively charged colloids interact 
with free metal ions (positively charged). In soils and groundwater the colloid-metal ion 
FRPSOH[PD\FDXVH³FORJV´ in the system (Baumann et al, 2006). 
 
E. pH 
 7KHVROXELOLW\¶Vof many substances are affected by the pH of the solution.  Under 
basic conditions many metals form insoluble compounds  (hydroxides) while under 
acidic conditions they are soluble.  Under acidic conditions, metals are more likely to 
form complexes including carbonates, bi-carbonates, chlorides, and sulfates (Peters, 
1999).  The pH of many eutrophic/hyper eutrophic lakes change during 24-hour diurnal 
cycle due to photosynthesis (Carpenter et al., 1998).   
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In soils, SOM is more likely to bind heavy metals at pHs at or below pH 7.5. For 
copper with each unit of pH increase, the activity decreases by 100 fold (Epstein & 
Chaney, 1978). Toluene was found to have a higher sorption rate in lake sediment with 
high humic acid content between the pHs of 4-8 (Chang Chien et al., 2010). 
 
F. Dissolved Oxygen 
 Dissolved oxygen (DO) is essential for supporting life, an important indicator of 
ecosystem health, and determines if microbial degradation will be aerobic or anaerobic. 
In nutrient rich lakes abundant algae growth is common.  When these algae blooms die 
off they result in decreased DO levels due to microbial degradation (Carpenter et al., 
1998).  The DO solubility is temperature dependent.  Oxygen is more soluble in cold 
water than warm water.  Dissolved oxygen is the electron acceptor.  If DO is limited 
other compounds (N-NO3, SO4, etc.) become the electron acceptor per the pE ladder.  
This can influence the form of the metal and there by the solubility and toxicity of metals 
(Epstein & Chaney, 1978;Hochella Jr. et al., 2005). 
 
G. Sulfates 
 Sulfate compounds heavily influence heavy metal transport and availability 
different metal.  Sulfate is the oxidized form of sulfur and most metal sulfates  except 
lead sulfate are soluble (Hochella Jr. et al., 2005).  The reduced form of sulfur is sulfide.  
Most metal sulfides are insoluble, and hydrogen sulfide (H2S) is toxic (Chang Chien et 
al., 2010).  Sulfates are ecologically important in the aquatic realm, are necessary for 
plant growth and when in short supply decrease phytoplankton growth.   Sulfates are 
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important in the anaerobic degrade BTEX compounds in groundwater and are a key 
predictor to the mobilization of heavy metals under sulfate reducing conditions (Batlle-
Aguilar et al., 2009). 
 
H. Eutrophication 
 Eutrophication accounts for about half of the impaired lakes on the US impaired 
waters listings.  Eutrophication is usually caused by excessive inputs of phosphorus. Non-
point source pollution of nutrients includes agriculture (fertilizers and animal wastes), 
residential and urban areas (commercial fertilizers), and soil erosion (Carpenter et al., 
1998).  Point sources include discharges from sewage treatment plants and industrial 
sources.  Eutrophication often results in is the excessive growth of algae  (blooms) that 
can affect the DO and pH of lake water.  
Kattner et al. found that in gravel pits many decades after their closure, the 
sediment and dead organic material start to seal them off from groundwater movement 
(Kattner, Schwarz, & Maier, 2000).  Kattner et al. believed this ³VHDOLQJRII´might help 
prevent eutrophication. 
 1. Phosphorus 
 Phosphorus is found in two forms: total phosphorus (TP) and orthophosphorus (P-
PO4).  Orthophosphorus is water-soluble and can be used by plants immediately 
(Carpenter et al., 1998).  Phosphorus is the limiting nutrient controlling algae growth in 
lakes.  Phosphorous adsorbs easily to soil particles and runoff containing large amounts 
of soil usually are responsible for large phosphorous additions to water bodies (Kattner et 
al., 2000; Reckhow, 1979).  
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2. Nitrogen 
Nitrogen is found in several forms (nitrate, nitrite, and ammonia)  in aquatic 
systems.  Nitrate is the most oxidized form of nitrogen and ammonia is the most reduced 
for of nitrogen.  On the pE ladder, nitrate follows oxygen as the electron acceptor.  When 
DO levels are very low or zero, nitrate becomes the electron acceptor. When ammonia is 
converted to nitrite or nitrate, large quantities of oxygen are used (Carpenter et al., 1998; 
Helmer & Labroue, 1993).  Nitrogen can be introduced into a lake through non-point 
source pollution from the atmosphere (automobile combustion), manure runoff, 
fertilizers, wastewater, and soil erosion.  Atmospheric deposition is believed to be the 
main source of increased N in the eutrophication process with the influx of N correlating 
to an increase in fossil fuel emissions during the same period of time historically since 
1900 (Carpenter et al., 1998).   
 
I .  Escherichia coli (E. coli) 
 The US Environmental Protection agency has encouraged the adoption of E. coli 
as a new standard of waterborne pathogen testing.  E. Coli bacteria are a sub-group of 
fecal coliform bacteria.    Both are used as indicator organisms to predict water 
contamination (Minnesota Pollution Control Agency, 2008a).  They originate from 
human and animal feces as a product of the digestive system. 
Factors that affect the behavior and survival of E. coli bacteria in urban areas 
include seasonal weather, water temperature, sewage overflows, and rainfall.  In urban 
areas, the most likely sources of E. coli include sewage overflow and storm water runoff 
as well as pet and bird feces.  The current E. coli swimming standard for acceptable 
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surface water is an 126 cfu/100ml maximum monthly average (minimum of 5 samples in 
the 30 day period) and 235 cfu/100ml maximum any single test.  When these levels are 
exceeded the water is considered impaired, swimming is not recommended, and an 
advisory is issued (Minnesota Pollution Control Agency, 2008a).   
 
 J. Water Clarity 
 Transparency is measured using a Secchi disk.    The Secchi disk provides a direct 
measurement of light transmission and an indirect measurement of suspended material in 
the water.  Overtime, Secchi data can be use to show trends and predict eutrophication 
(Carlson & Simpson, 1996).  Turbidity, closely related to Secchi disk measurements, is a 
measure of how cloudy or murky water is.  Turbidity is caused by suspended particles in 
water or dissolved solids that scatter light.  The solids and particles are more often than 
not from sediment and are composed of clays, silt, fine organic and inorganic matter, 
algae, and other microscopic organisms.  High turbidity decreased the aesthetic value of 
waters as well as harming fish and other aquatic life reducing food supplies, decreasing 
light for photosynthesis, and affecting gill function.  Natural and human sources of 
turbidity include erosion from upland areas or development, or increased phosphorus 
levels then causing increased algal growth.  The current standard for recreation is 25 
1HSKHORPHWULF7XUELGLW\8QLWV178¶V(Minnesota Pollution Control Agency, 2008b).   
 
K. Conductivity 
 Conductivity is the ability of a substance to conduct electricity in water. It is an 
indicator of the amount of dissolved ions in the water (Minnesota Pollution Control 
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Agency, 2008b).  Road salt is a substance that would cause increased conductivity in an 
urban area from non-point source run-off.  This can be associated with the increased 
salinity of surface water body, which can cause shifts in pH and stress fish and other 
organisms due to the increased chloride concentrations, as well as free sulfates that are 
present in a system (Kattner et al., 2000). 
 
L&DUOVRQ¶V7URSKLF6WDWH,QGH[ 
 The Carlson Trophic State Index (TSI) is the most widely used standard to 
classify lake trophic state in the United States (Carlson & Simpson, 1996).   Trophic state 
is the productivity of a lake (Carlson & Simpson, 1996). It is an easy way to characterize 
a lakes overall health using total phosphorus, Secchi disk, and Chlorophyll-A 
measurements.  7KH&DUOVRQ¶V7URSKLF,QGH[LVSUHVHQWHGLQ)LJXUHThe trophic levels 
range from Oligotrophic (nutrient poor), Mesotrophic, Eutrophic (nutrient rich), and 
Hyper-eutrophic (very nutrient rich) (Carlson & Simpson, 1996).  The anticipated effects 
of various TSI levels on a water body are summarized in Figure 6.  
	  	  
19	  
 
Figure 5&DUOVRQ¶V7URSKLF6WDWH,QGH[&KDUW (Carlson & Simpson, 1996) 
 
 
Figure 6. Anticipated effects of various TSI levels on a water body 
(Carlson & Simpson, 1996) 
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M. Ground Water Flow Modeling 
Computer ground water models are used to simulate the water levels of certain 
areas, the flow patterns, and the transport of chemical constituents.  They provide hydro 
geologists the means to organize massive amounts of data, to display the data in a visible 
way, and they help forecast future water demands (US Geological Survey, 2009). Models 
take a mathematical approach to make estimates over a given time period, based on the 
change in dependent variables, including properties of the aquifer and contaminant 
characteristics (US Environmental Protection Agency, 1992).  In 1935 the United States 
Geological Survey (USGS) first recognized groundwater flow modeling based on the 
research of C.V. Theism (US Geological Survey, 2009).  Theis determined that the flow 
of groundwater through porous media was similar to the flow of heat through materials 
and developed a simplified formula that was an accurate estimate of subsurface water 
flow (US Geological Survey, 2009). The Theis formula led to numerical groundwater 
modeling developed by the USGS that could take into account many different factors in 
various aquifer systems (US Geological Survey, 2009). 
GFLOW is a two-dimensional program that follows a step-wise modeling concept 
using a single layer element analytical code, based on Dupuit-Forcheimer assumptions 
(Dunning et al., 2003).  Dupuit-Forcheimer assumptions state that the majority of the 
flow in an aquifer is essentially horizontal and vertical flow can be ignored (Fetter, 2001).  
These assumptions will be true and a two-dimensional model can be valid if the study 
area of lateral flow is large enough to make the vertical flow, or depth of the aquifer is 
essentially inconsequential (Dunning et al., 2003).  The stepwise modeling concept can 
used to solve for a single layer solution to determine heads, flux, and flow rates and 
	  	  
21	  
patterns (Haitjema, 2000).  GFLOW does not support multi aquifer flows nor does it take 
into account vertical conductivities that may be important in determining the true flow 
pattern in the aquifer (Haitjema, 2000).  Generally, inaccuracies can occur in cases of 
varying aquifer thickness, fractures in confining layers, or a leaky unconfined aquifer (US 
Environmental Protection Agency, 1992).   
 MODFLOW was created by the USGS in 1983 as a finite modular three-
dimensional ground water flow computer code.  The MODFLOW code can be used by a 
number of interfaces and allows for the addition of add-on packages to trace particle flow 
or contamination spread (US Geological Survey, 2009).  MODFLOW can import a two-
dimensional GFLOW output file to add a third-dimension of vertical flow to the model 
with additional parameter input.  The addition of vertical flow will allow the modeling of 
multiple aquifers, leaky aquifers, and fractured confining layers, greatly increase the 
accuracy of the model (Gao, 2011; US Environmental Protection Agency, 1992; Fetter, 
2001).   
MODFLOW differs from GFLOW by using a finite difference solution as the 
primary modeling method.  MODFLOW is accepted as an industry standard both in 
North America as well as in Europe to model groundwater flows (Gao, 2011).  In 
MODFLOW, layers are setup to represent three-dimensional lattices of the earth based on 
soil, aquifer, and bedrock properties and dimensions (Gao, 2011). 
MODFLOW requires that you add surface terrain elevations and hydrological 
features such as constant head boundaries, sinks, rivers, and lakes. These features 
determine the direction and amount of flow of groundwater in the model.  
Evapotranspiration and annual recharge values must be added as well.  Known head 
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values from well and boring logs are used to increase the accuracy of the model and the 
output will be in the form of a potentiometric map showing flow directions, velocities, 
flux, boundaries (Gao, 2011).  The output from this step is saved and can be used later to 
determine contaminant transport and estimate pollution spread. 
 Along with the numerical solutions to calculate regional ground water flow, 
algorithms that solve advanced linear equations can be used to simulate contaminant 
transport (Prommer et al., 2002). Once a ground water solution has been achieved 
through MODFLOW, contaminate transport can then be modeled with the potentiometric 
output from MODFLOW.  The algorithms account for the main principles of the 
transport of solutes: diffusion, advection, dispersion, and retardation.  Diffusion is the 
process of a solute flowing from a place of higher concentration to lower concentration 
based on chemical activity; advection is the process by which moving groundwater 
FDUULHVGLVVROYHGVROXWHVGLVSHUVLRQLVDSURFHVVWKDWGLOXWHVWKHVROXWHDQGORZHUVLW¶V
concentration though mechanical and hydrodynamic means; retardation is the chemical 
DQGSK\VLFDOSURFHVVHVWKDWVORZDVROXWH¶VPRYHPHQWZRUNLQJGLUHFWO\DJDLQVWDGYHFWLRQ
)HWWHU'LIIXVLRQLVVROYHGE\XVLQJ)LFN¶V/DZLQWKHIROORZLQJHTXDWLRQ)HWWHU
2001): 
F=-D dC/dx   (Fetter Equation 10.2) 
   
where:  F =  mass flux of solute per unit area per unit time 
  D =  diffusion coefficient (area/time) 
  C =  solute concentration (mass/volume) 
  dC/dx =  concentration gradient (mass/volume/distance) 
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$GYHFWLRQLVGHWHUPLQHGE\'DUF\¶VODZLQWKHIROORZLQJHTXation (Fetter, 2001): 
vx= - K/ne X dh/dl   (Fetter Equation 10.4) 
where:  vx  =  average linear velocity 
  K  =  hydraulic conductivity 
  ne  =  effective porosity 
  dh/dl  =  hydraulic gradient 
 
Dispersion occurs by both mechanical and hydrodynamic means.  Mechanical dispersion 
is dependent on three factors: fluid moves faster through the center than edges of a pore 
due to friction; some fluid travels in longer pathways than other fluid due to the route 
between media particles it takes; fluid travels faster through larger pores than small ones 
(Fetter, 2001).   
Hydrodynamic dispersion combines the processes of molecular diffusion and 
mechanical dispersivity.  It is impossible to solve the molecular and mechanical 
dispersivity separately, so a coefficient is used.  The following equation describes 
hydrodynamic dispersion (Fetter, 2001):  
  DL =aLvx + D*    (Fetter Equation 10.6) 
where:  DL  =  longitudinal coefficient of hydrodynamic dispersion 
  aL  =  dynamic dispersivity 
  vx  =  average linear groundwater velocity 
  D* =  effective molecular diffusion coefficient 
 
Retardation is based on the adsorption of a solute or contaminant to the soil or aquifer 
material. It can be estimated with an adsorption isotherm, or an equation that estimates 
sorption.  When an adsorption relationship can be plotted as a straight line on log-log 
paper, it can be described by the Freundlich Isotherm, in following equation (Fetter, 
2001): 
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  C* = Kf Cj    (Fetter Equation 10.11) 
where:  C*  = mass of solute sorbed per bulk unit dry mass of soil 
  C = solute concentration 
  Kf ,  j = coefficients 
     
 
In contrast, a Langmuir Isotherm is determined by plotting C/C* versus C on arithmetic 
paper.  If the points fall on a straight line, then a Langmuir Isotherm is correct, and is 
described in the following equation (Fetter, 2001): 
  C/C* = 1/ ȕ 1 ȕ 2 + C/ ȕ 2   (Fetter Equation 10.13) 
where:  C  =  equilibrium concentration of the ion in contact with the soil (mg/L) 
  C* =  dynamic dispersivity 
  ȕ 1 =  average linear groundwater velocity 
  ȕ 2  =  effective molecular diffusion coefficient 
 
Either a Langmuir or Freundlich can be used to determine adsorption of a solute to 
materials, based on which isotherm is most accurate to the data plotted after a column 
study has been completed. Biological degradation of organic compounds is another 
means by which the spread of a solute can be slowed.   
There are numerous contaminant transport engines available to use with 
MODFLOW.  These include MT3DMS, RT3D, and PHT3D.  These engines use a finite 
difference upstream solution that is capable of accounting for natural degradation, 
dispersion, and diffusion, that can be based on calculated or default values including 
sulfate reduction, nitrate reduction, and the difference in aquifer materials (Prommer et 
al., 2002).  When using MT3DMS, developed by the USGS, electron receptors are used 
to determine sorption along with the option of using a Freundlich or Langmuir adsorption 
isotherm curve (Shlumberger Water Services, 2012).  The engine PHT3D uses the same 
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method, but takes into account the USGS geochemical code PHREEQC-2 that predicts 
fate based on constant and default parameters (Shlumberger Water Services, 2012).  The 
RT3D engine is similar to the MT3DMS engine, but is specifically designed to work with 
BTEX compounds.   Default values for sulfates, irons, and oxygen can be used coupled 
with default isothermal constants to simulate natural sorption and biodegradation in most 
aquifer types (Prommer et al., 2002). 
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CHAPTER III 
 
DESCRIPTION OF STUDY AREA 
 
A. Hiniker Pond 
 Hiniker Pond (MNDNR Lake # 07-014700) is an 18-acre pond with a maximum 
depth of 21 feet and an average depth of 9 feet (Minnesota DNR, 2007; United States, 
1980).  The site where Hiniker Pond is located, Government Lot 2 in Section 1 Township 
108 North, Range 27 West, was purchased by the Hiniker family, on January 25, 1936 
(Blue Earth County Minnesota, 1936).  In 1936 the land was very close to the Minnesota 
River and was part of a meander that had not been previously farmed (Figure 7.) 
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Figure 7. Aerial view of future Hiniker Pond Mankato, MN in 1938 before excavation 
         (USDA 1938) 
When Mr. Hiniker began plowing the property he found that the land was almost 
pure gravel and sand so he started a sand and gravel company on the site (Preuhs, 1998). 
He found that the water table was only 2-3 feet deep, which led him to start a mining 
SURFHVVNQRZQDV³VODFNOLQHFDEOH-ZD\PLQLQJ³(Preuhs, 1998). In 1946 Joseph Hiniker 
sold the gravel pit to his son for five thousand dollars (Blue Earth County Minnesota, 
1946).  From 1946 until it was closed in 1972, approximately one million cubic yards of 
sand and gravel were removed from the gravel pit site (Preuhs, 1998).  Due to urban 
sprawl and impending retirement, John Hiniker sold the closed gravel pit to the City of 
Mankato, Minnesota for one dollar on August 12, 1975 (Preuhs, 1998; Blue Earth County 
Minnesota, 1975; Fischenich, 2009).  An aerial view of Hiniker Pond and nearby Oxbow 
Lake can be seen in Figure 8. 
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  Figure 8. Aerial view of Hiniker Pond Mankato, MN in 1973 at cessation of 
 mining 
          (USGS 1973) 
 Adjacent to Hiniker Pond is a small Oxbow that was created when the ACOE 
PRYHGWKH0LQQHVRWD5LYHULQWKHHDUO\¶V(Water Resource Center, Minnesota State 
University, 2002).  Hiniker Pond and Oxbow Lake are connected by a gate well system 
that allows water to travel between the two water bodies (United States, 1980).  The US-
14 ditch runs along US-14 and then drains into Oxbow Lake.  South of Oxbow Lake is 
the remains of the old North Mankato dump which was in operation from 1950 until 
1973.  It is located 500 yards due south of the southern most point of Hiniker Pond (U.S. 
Department of Public Health and Human Services, 2001).   
,QWKH¶V+LQLNHU3RQGwas a very popular ³UHEHOVZLPPLQJKROH´so the City 
of Mankato worked with the ACOE to develop the pond and surrounding property into 
the multi-use recreational park that it is today as seen in Figure 9 (United States, 1980).  
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According to the ACOE (1980), Hiniker Pond was considered to have excellent water 
quality for recreational use.  However, Oxbow Lake was considered unsuitable for 
anything due to high levels of fecal coliform bacteria.  The ACOE (1980) also predicted 
that should there ever be a problem with the water quality at Hiniker Pond, the easiest 
solution would be to drain the pond and allow natural ground water to refill it. 
 
Figure 9. Aerial view of Hiniker Pond and Oxbow Lake, Mankato, MN in 2009 
          (USDA 2009) 
 
 
B. 110 and 112 West Lind Street Sites 
Approximately 300 yards north of Hiniker Pond at 110 and 112 West Lind street 
was where the Year-A-Round Cab Company was located (Figure 10.).  Year-A-Round 
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Cab Company, specialized in the preparation and painting of industrial equipment 
(Burman, 2011).  The company was founded in 1966 by Charles Anderson and was in 
operation until 2010, when it was sold to Herateus Properties.  After the sale, Mr. 
Herateus found Underground Storage Tanks (867¶V and an abandoned industrial water 
well (Minnesota Pollution Control Agency, 2010c). Mr. Herataus contacted the MPCA 
who tested the sludge in manholes/tanks (Minnesota Pollution Control Agency, 2010c). 
 
Figure 10. Site overview of Hiniker Pond, US-14 ditch, Oxbow lake, and 110 W. Lind St. 
     (Minnesota Pollution Control Agency, 2010b) 
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In September 2010 the MPCA sampled sludge on the West Lind St. site and the 
following level of compounds were found: 
Ethyl Benzene   1,901 ppm 
Toluene   638  ppm 
m-Xylene and p-Xylene 6,847 ppm 
o-Xylene   2,169 ppm 
  (Minnesota Pollution Control Agency, 2010c) 
 
Prior to September 2010 there were numerous issues with the site.  Some of the 
environmental issues are presented in Appendix I-IV.  In 1985 soil samples were found to 
contain metals at the levels listed below: 
   Chromium   18,000 ppb 
   Lead         520 ppb 
   Cadmium        210 ppb  
(State of Minnesota, 1985) 
In July 1985 soil samples taken from 4 holes (#16, 18, 19, 20) at depths between 1-1.5 
feet had up to 200 ug/g of toluene and xylenes plus over 50 ug/g of ethyl benzene.  
Details of the contamination and soil survey completed by the MPCA are 
presented in Appendix I.  The MPCA confirmed that some drainage pipes from the 
facility flow directly into the ditch.  There are numerous drains in the facility that have 
unknown pipe routing or final termination, most notably ones from the painting 
preparation and materials cleaning room (Figure 11.) (Minnesota Pollution Control 
Agency, 2010c).  Additionally, the MPCA found that a paint waste tank and underground 
storage tanks empty directly into a drainage field behind the buildings, which in turn 
drain into the US-14 ditch (Figure 12.) (Minnesota Pollution Control Agency, 2010c). .  
The site is currently being considered for listing as a state superfund site for long term 
remediation (Minnesota Pollution Control Agency, 2010a).    
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Figure 11. Unknown subsurface drainage from internal waste drains, 110 W. Lind St. 
     (Minnesota Pollution Control Agency, 2010b) 
 
There is a lengthy history of fines and charges per the MPCA against Year-A-
Round Cab Company.  These are presented in Appendix II.  The case development form 
supplied by the MPCA details the unknown status of drainage routing as well as all 
previous fines and violations and a noted concern about the long-term affect on nearby 
Hiniker Pond  (Appendix II.) (Minnesota Pollution Control Agency, 2010a). 
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Figure 12. Known subsurface drainage into US-14 ditch at 110 W. Lind St. 
     (Minnesota Pollution Control Agency, 2010b) 
  
 Concerns about illegal fill activities that have taken place, written complaints by 
workers and citizens whom allegedly had spoken to the previous owner of the site about 
burning of drums in out buildings are presented in Appendix III.  A MPCA letter 
formally confirming the presence of drums containing hazardous waste and requiring 
them to be disposed of is presented in Appendix IV (Minnesota Pollution Control 
Agency, 2010a).  A criminal complaint was later filed against the owner for the alleged 
burial of hazardous waste drums, possible burning of hazardous waste, and improper 
disposal methods as well as disregarding administrative orders issued by the MPCA 
(Appendix V.) (Minnesota Pollution Control Agency, 2010a).   
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C+DOOHWW¶V3RQG 
+DOOHWW¶V3RQG³XQQDPHGODNH-´is located in the City of Saint Peter, 
Minnesota.  It was formerly a gravel pit that was closed and sold to the city (Linehan, 
2007)+DOOHWW¶V3RQGZDVPLQHGLQWKH¶V. After it closed it became an unofficial 
swimming area until 1974 when the City of St. Peter purchased it.  The city banned 
swimming, and used the pond for storm water run-off.   
+DOOHWW¶V3RQGLVDFUHVLQVL]HKDVDPD[LPXPGHSWKRIIHHWDQGLVYHU\
similar to that of Hiniker Pond as you can see in Figure 13. (Minnesota DNR, 1999).  
Immediately next to Hallett¶V Pond is a new storm water run-off holding pond, which is 
FRQQHFWHGWR+DOOHWW¶VSRQGE\DQRYHUIORZJUDWLQJ2FFDVLRQDOO\WKHQHZVWRUPZDWHU
pond receives untreated sewage from the adjacent wastewater treatment plant (Linehan, 
2007).    
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Figure 13$HULDO3KRWRRI+DOOHWW¶V3RQG 
          (USDA 2009) 
 
 
 
 
 
 
 
 
 
	  	  
36	  
 
CHAPTER IV 
 
MATERIALS AND METHODS 
 
A. Sample Collection 
 Water and sediment samples were collected bi-weekly from Hiniker Pond, 
+DOOHWW¶s Pond, Oxbow Lake and US-14 ditch from May to November 2011. The GPS 
coordinates for the sampling location at each site are provided in Appendix VI.   These 
samples were collected using methods and containers provided by the Minnesota Valley 
Testing Laboratory, New Ulm, MN (MVTL).  All collection procedures and analytical 
methods conform to U.S. EPA protocols.  
 
B. BTEX Compounds, Cadmium, Chromium, and Lead 
 1. Water Samples 
 For BTEX monitoring, surface water samples were collected, placed in bottles 
containing hydrochloric acid (no headspace) and put into an ice filled cooler.  They were 
transported to MVTL under chain of custody.  Per EPA Quality Control (QC) procedures 
a field duplicate and field blank were included.  For metal monitoring (Cd, Cr, Pb), 
surface water samples were collected at the same time and location as the BTEX samples.  
The water was placed in containers containing nitric acid, placed into a cooler and 
transported to MVTL under chain of custody.  Standard EPA QA procedures were 
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followed.  Summarized in Table II is the EPA methods and holding times for the BTEX 
and heavy metals. 
Table II. Summary of water quality parameter holding times and standard methods of 
analysis for targeted metals and BTEX compounds 
Parameter 
Maximum  
Holding Time Method 
Chromium 6 months SW6010 
Cadmium 6 months SW6010 
Lead 6 months SW6010 
Ethyl Benzene 14 days SW8260B 
Toluene 14 days SW8260B 
Xylenes-O 14 days SW8260B 
Xylenes-M & P 14 days SW8260B 
     (U.S. Environmental Protection Agency, 2003) 
 2. Sediment Samples 
 Sediment samples were collected from Hiniker Pond, HaOOHWW¶V3RQG2[ERZ
Lake and US-14 ditch.  Sediment samples were collected from the deepest water in 
+LQLNHU3RQGDQG+DOOHWW¶V3RQGZLWKDQEkman dredge.  Sediments were collected from 
Oxbow Lake and US-14 ditch with a shovel.  For organic analyses, thirty grams of 
sediment were placed into each container and methanol was added on top the sediment.  
The samples were placed in an ice chest and transported to MVTL under chain of 
custody.  Sediment for metal analyses were placed in the appropriate polypropylene 
containers, placed in the ice chest, and transported to MVTL under chain of custody.  A 
field duplicate and field blank were also taken.  Summarized in Table III are the EPA 
methods and holding times for the organic and metals measured in the sediment samples 
from Hiniker Pond, HaOOHWW¶V3RQG2[ERZ/DNHDQG86-14 ditch in 2011. 
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Table III. Summary of sediment parameter holding times and standard methods of 
analysis for targeted metals and BTEX Compounds 
Parameter Maximum Holding Time Method 
Chromium 6 months SW-846 6010 
Cadmium 6 months SW-846 6020 
Lead 6 months SW-846 6010 
Ethyl benzene 14 days 8021 
Toluene 14 days 8021 
Xylenes-O 14 days 8021 
Xylenes-M & P 14 days 8021 
     (U.S. Environmental Protection Agency, 2003) 
 3. Analysis of Water and Sediment Samples for BTEX and Metals 
 Water and sediment samples were analyzed by MVTL for BTEX, cadmium, 
chromium, and lead because the appropriate equipment was not available at Minnesota 
State University-Mankato.  Due to financial constraints, these analyses were conducted 
one time on May 19, 2011. 
 
C. Field Parameters 
 Listed in Table IV are methods used to measure select water quality parameters in 
the field. 
Table IV. Summary of standard methods used to measure select water qualities in the 
field 
Parameter   Method 
Temperature   SM 2550 
Dissolved Oxygen   SM 45000-G 
pH   EPA 9040A 
Conductivity   EPA 120.1 
Secchi Disk 
Copper   
N/A 
HACH 8506 
     (U.S. Environmental Protection Agency, 2003) 
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 )RU+LQLNHU3RQGDQG+DOOHWW¶V3RQG temperature, dissolved oxygen, and 
conductivity were measured at intervals of 5 foot from the surface of the lakes.  Secchi 
Disk and pH were measured at the surface.  For US-14 ditch and Oxbow Lake, 
temperature, conductivity, dissolved oxygen, pH, and turbidity tube were measured on 
the surface only and Secchi Disk readings were not taken. 
 
D. Nutrients, Sulfates, and E. Coli Water Samples 
 Surface water samples were also collected bi-weekly from May until November 
2011. In addition, water was collected from a depth of 10ft LQ+LQLNHU3RQGDQG+DOOHWW¶V
pond.  These water samples were analyzed for total phosphorus (TP), soluble reactive 
phosphorus (P-PO4), nitrate (N-NO3), nitrite (N-NO2), ammonia nitrogen (N-NH3), 
sulfates (SO4), E. Coli, and copper (Cu) .  Summarized in Table V is a list of water 
quality parameters and its holding time and method of analysis. 
Table V. Summary of water quality holding times and standard methods of analysis 
Parameter 
                Maximum  
                Holding Time         Method 
E. coli 24 hours           EPA 1903 
P-PO4 24 hours           EPA 365.2 
TP 24 hours           EPA 365.4 
N-NO3 
N-NO2 
28 days 
28 days 
          EPA 352.1 
          EPA 353.2 
N-NH3 28 days           EPA 350.1 
SO4 28 days           EPA 4035 
     (U.S. Environmental Protection Agency, 2003) 
 Standard EPA QA/QC procedures were followed.  These included field 
duplicates, field blanks, laboratory blanks, laboratory duplicates, were analyzed. All of 
these samples were analyzed at Minnesota State University, Mankato, MN. 
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E. Statistical Analysis 
 SPSS was used to calculate descriptive statistics (mean, standard deviation, 
standard error, and), a Wilcoxon 1 way T-test was used to calculate P-values (Non-
Parametric) and Sigma Plot was used to plot linear regressions. 
 
F. Carlson Trophic State Index 
 7KH&DUOVRQ¶V7Uophic State Index was determined using two parameters, total 
phosphorous and Secchi disk. 
 
G. Rainfall Data 
 Rainfall data was from May-November 2011was downloaded from the National 
Weather Service (NWS). The NWS data are an average of 3 different stations close to 
Mankato and St. Peter, MN.  There locations include: The Mankato Regional Airport, 
Minnesota State University, Mankato Campus, and the Minnesota Department of 
Transportation Mankato field office. 
 
H. ARC GIS 
 ARC GIS 10 was use to geo-reference all US Department Agriculture (USDA) 
and US Geological Survey (USGS) Digital Elevation Maps (DEM) and digital aerial 
photos, or Orthophoto Quadrangles (DOQ).  The maps were layered after they were geo-
referenced to GRFXPHQWFKDQJHVWKDWRFFXUUHGRYHUVLQFHWKH¶V  Well data were 
downloaded from the Minnesota County Well Index and plotted.   
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I . Ground Water Modeling 
 1. GFLOW  
GFLOW (Haitjema software version 2.1.2) was used to model groundwater flow 
through the aquifer in the area of Hiniker Pond and Oxbow Lake.  This was a two-
dimensional model to determine the potentiometric field to determine flow paths.  
Constant head elevations were retrieved by using the depth to ground water information 
from the county well index data (Minnesota Department of Health, 2012).  The well and 
boring data logs are presented in Appendix VII.  Hiniker Pond was used as a constant 
head boundary due to its documented elevation (Minnesota DNR, 2007).   The Minnesota 
River was used as a sink for the area due to the nature of the decreasing ground water 
elevation and known draw towards WKHULYHU86(3$'24¶VZHUHUHWULHYHGWKURXJK
GFLOW and used as a base map.  Based on the GFLOW output, flow paths were drawn  
using Adobe Illustrator.   
 2. MODFLOW 
Visual MODFLOW Premier, an interface from Schlumberger Water Services 
Inc.,that uses the MODFLOW computer code was used to build a three-dimensional 
model of subsurface water flow.  The model was designed to cover the area of Hiniker 
Pond and Oxbow Lake running from the old North Mankato dump on the south to US-14 
on the north and from the Minnesota River on the East, west to the bluffs in North 
Mankato.  This area was chosen based on historical imagery of the area before the 
Minnesota River meander was cutoff making it fairly homogenous throughout as shown 
in Figure 7.  The area was approximately 400 meters wide and 450 meters from south to 
north so a grid of 40 by 45 cells were used, making all cells about 10 meters square.  An 
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annual recharge rate of 28 inches per year and an annual evapotranspiration rate of 23 
inches per year were applied to the model based local knowledge (Hippie, 2012).  Hiniker 
Pond and Oxbow Lake were added as lake features, using depths and properties as 
indicated by the Minnesota DNR (Minnesota DNR, 2007).  The Minnesota River was 
added as a river boundary using an average depth of 12 feet (Hoppie, 2012).  Both the 
lake and river boundary areas and shapes were input by tracing the features on the DOQ 
of the area. 
The surface layer of the model was based on the latest soil survey completed in 
1983 by the Natural Resource Conservation Service (NRCS).  The top layer corresponds 
to code 1007, (Alluvial Outwash) and values used for this layer were calculated from 
available data from the survey (Natural Resource Conservation Service, 1983).  
Topographical data was downloaded from the USDA with 2-foot elevation differentials 
and applied to the surface to show terrain.  This layer was made 5 feet thick based on a 
boring report from the Minnesota Department of Transportation from 1969 at the US-14 
overpass from the north, the NRCS soil survey report, and the report by the USDPH on 
the old North Mankato dump on the south (Minnesota Department of Transportation, 
1969; Natural Resource Conservation Service, 1983; U.S. Department of Public Health 
and Human Services, 2001). 
The second layer of the model was designed using values that were calculated in 
the lab.  A sample of aquifer material was collected from 2 feet below the sediment of 
Hiniker Pond. The conductivity was calculated from a constant head test conducted using 
a piezometer following standard lab methods (Hoppie, 2012).  Porosity and bulk density 
were calculated using a quanta chrome pycnometer and a certified scale (Hoppie, 2012).  
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The equations, reports, and data used to determine final values are presented in Appendix 
VII.  The elevation of the top of layer two was achieved using the top layer elevation data 
and using ARC GIS to subtract five feet from it to represent the assumed thickness of the 
top layer.  The bottom of layer two was set to the bedrock, known to be at about 700 feet 
above sea level from the geological atlas for Nicollet County, MN (Water Resource 
Center, 2012).   
The values for the last layer, the bedrock, were set to near to zero as possible and 
the layer was made 1foot thick with a slight elevation change from 700 feet on the south 
to 693 feet on the north based on the geological atlas and US-14 boring report (Minnesota 
Department of Transportation, 1969; Water Resource Center, 2012).  Values that were 
required for each layer include storativity (the amount of water released per unit volume 
of aquifer), specific yield (the amount of water an aquifer will yield under gravity), 
conductivity (the flow rate in an aquifer), and porosities (ability of an aquifer to transmit 
water) were calculated using equations or available data as presented in Appendix VII.  
MODFLOW was set to 9,990 days (27 years approximately) to represent the total time 
frame that Year-A-Round Cab Company had been in business (Minnesota Pollution 
Control Agency, 2010c).    
a. Heavy Metal Transport 
MT3DMS was used as the engine to predict heavy metal contaminant transport 
using lead as the surrogate.  This engine is the best choice when biodegradation is not a 
factor when dealing with heavy metals that are persistent (Prommer et al., 2002). The 
adsorption coefficients were also most appropriate with the MT3DMS engine with lead 
only having one oxidation state.  The initial concentration of lead was based on the 
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assumption of a constant leakage of 1 mg/L per day for 9,990 days (27 years).  This was 
the best estimate of constant leakage from the paint tanks on the site since the first 
complaint in 1985 (Minnesota Pollution Control Agency, 2010c). 
A Langmuir sorption curve was used with values used for calculations presented 
in Appendix VII.  Langmuir was used over Freundlich due to the losses from a single 
spill incident assumed to be two orders of a magnitude greater through the ground and a 
very little clay in the soils of the region.  The engine was run using the conductivity for 
the media as calculated in the lab of 59 feet per day horizontally.  Vertical conductivity 
was set to 5.9 feet per day based on default vertical conductivity solutions in the model.  
&KDQJLQJWKHFRQGXFWLYLW\GLVSHUVLYLW\DQGDGVRUSWLRQFRHIILFLHQWVWHVWHGWKHPRGHO¶V
sensitivity to parameter adjustment.  This process allowed the groundwater model to be 
delineated for the maximum, minimum, and most probable extent of contamination.  The 
model was run and outputs were recorded at different time intervals to show the size and 
extent of the lead contamination plume. 
b. BTEX Transport. 
The RT3D transport engine was used to model BTEX compound transport of a 
simulated leak.  The engine was chosen because of the available built in default 
parameters for sulfates, iron, and oxygen in the soil and the chemical properties of BTEX 
already existing in the code.  The option of using a first order engine was used with 
default values to simulate an aerobic environment for biological degradation to occur.  
The initial concentration for the BTEX plume was based on the assumption of a constant 
release of 1 mg/L per day for 5 years.  Toluene was used as the surrogate for BTEX 
compounds. A Langmuir adsorption curve was used due to the chemical properties of 
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BTEX based on prior research by Prommer et al. (Prommer et al., 2002).  Aquifer 
properties were manipulated from the calculated values to determine the maximum, 
minimum, and most probable extent of contamination. The data used for aquifer 
properties in the model is presented in Appendix VII.  The model was run and outputs 
were recorded at different time intervals to show the size and extent of the BTEX 
contamination plume. 
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CHAPTER V 
 
RESULTS 
 
A. BTEX and Metals 
 Results of analyses for BTEX compounds and heavy metals in water and in 
sediment are summarized in Table VI and VII respectively.  These analyses were only 
conducted once due to financial limitations.  Detailed laboratory results for all organic 
compounds in water are in Appendix VIII and sediment results are in Appendix IX. 
 
Table VI. Levels of heavy metals (Cd, Pb, Cr) and BTEX in water samples collected on 
May19, 2011 by site 
Water Body 
Cadmium 
(µg/L) 
Chromium 
(µg/L) 
Lead 
(µg/L) 
Ethyl 
Benzene 
(µg/L) 
Toluene 
(µg/L) 
m/p/o 
Xylenes 
(µg/L) 
US 14 Ditch < 0.005 < 0.01 < 0.03 < 1 <1 <1 
Oxbow Lake < 0.005 < 0.01 < 0.03 < 1 <1 <1 
Hiniker Pond < 0.005 < 0.01 < 0.03 < 1 <1 <1 
Hallett's Pond < 0.005 < 0.01 < 0.03 < 1 <1 <1 
 
Table VII. Levels of heavy metals (Cd, Pb, Cr) and BTEX in surface sediment samples 
collected on May19, 2011 by site 
Water Body 
Cadmium 
(mg/kg) 
Chromium 
(mg/kg) 
Lead 
(mg/kg) 
Ethyl 
Benzene 
(µg/kg) 
Toluene 
(µg/kg) 
m/p/o 
Xylenes 
(µg/kg) 
US 14 Ditch 1.25 20.7 30.8 < 50 < 50 < 50 
Oxbow Lake 0.471 11.6 7.01 < 50 < 50 < 50 
Hiniker Pond 0.208 3.49 <0.694 < 50 < 50 < 50 
Hallett's Pond 0.129 2.01 <0.709 < 50 < 50 < 50 
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B. Field Parameters and Nutrient Testing 
 Summarized in Table VIII are the dates field water quality measurements and 
samples were collected for analyses for nutrients, sulfates, and E. coli by location. 
 
Table VIII. Summary of the dates water quality measurements were taken by site 
Date (2011) Hiniker Pond +DOOHWW¶V3RQG Oxbow Lake US-14 ditch* 
May 19 XX XX XX XX 
June 1 XX XX XX  
June 14 XX XX XX XX 
June 22 XX XX XX XX 
July 12 XX XX XX  
July 27 XX XX XX XX 
August 15 XX XX XX XX 
August 30 XX XX XX  
September 13 XX XX XX  
September 27 XX XX XX  
October 11 XX XX XX  
October 25 XX XX XX  
November 9 XX XX XX  
*US-14 ditch was unable to be sampled due to lack of water on some occasions 
 
Summarized in Table IX, X, XI, and XII are the means, minimums, maximums, range, 
and standard errors of all field parameters, phosphorus, nitrogen, sulfates, and E. coli 
levels for each water body.  Detailed results are presented in Appendix X.   
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Table IX. Descriptive statistics for US-14 ditch by parameter during sampling season 
May- November 2011 
Parameter 
# of 
Samples Minimum Maximum Mean 
Standard 
Error 
Standard 
Deviation 
E. ecoli (CFU/100ml) 3 488.4 1,203.3 780.17 216.57 375.12 
Turbidity (cm) 4 4 29 16.75 6.80 13.60 
pH 4 4.1 8.6 7.03 1.00 2.00 
Conductivity Surface 
(mohm/cm) 5 0.180 1.967 1.00 0.39 0.86 
Temperature Surface 
(°C) 5 15.9 28.0 21.94 2.27 5.07 
Dissolved Oxygen 
Surface (ppm) 5 4.40 15.11 7.61 1.98 4.44 
TP Surface (ppm) 5 0.13 1.30 0.44 0.22 0.49 
P-PO4 Surface (ppm) 5 0.03 0.14 0.09 0.02 0.04 
N-NO2Surface (ppm) 5 0.0062 0.0462 0.0248 0.01 0.02 
N-NO3Surface (ppm) 5 0.7 1.4 0.94 0.12 0.27 
N-NH3 Surface (ppm) 2 0.1 5.0 2.55 2.45 3.46 
SO4 Surface (ppm) 4 0.2 284.0 105.68 66.62 133.23 
Copper Surface (ppm) 2 0.019 1.990 1.00 0.99 1.39 
 
 
 
Table X. Descriptive statistics for Oxbow Lake by parameter during sampling season 
May- November 2011 
Parameter 
# of 
Samples Minimum Maximum Mean 
Standard 
Error 
Standard 
Deviation 
E. ecoli (CFU/100ml) 10 22.60 2419.60 1546.48 334.50 1057.77 
Turbidity (cm) 11 2.00 32.00 14.91 2.63 8.73 
pH 12 5.70 7.50 6.81 0.14 0.47 
Conductivity Surface 
(mohm/cm) 12 0.12 1.20 0.53 0.09 0.33 
Temperature Surface 
(°C) 12 6.70 26.00 17.63 1.41 4.87 
Dissolved Oxygen 
Surface (ppm) 12 0.24 6.80 3.26 0.72 2.49 
TP Surface (ppm) 12 0.10 1.11 0.49 0.10 0.34 
P-PO4 Surface (ppm) 12 0.02 0.44 0.15 0.03 0.12 
N-NO2 Surface (ppm) 12 0.0075 0.7650 0.1122 0.06 0.21 
N-NO3 Surface (ppm) 12 0.10 1.20 0.63 0.10 0.36 
N-NH3 Surface (ppm) 3 0.20 3.70 1.50 1.11 1.92 
SO4 Surface (ppm) 11 0.20 114.80 33.57 11.74 38.93 
Copper Surface (ppm) 2 0.02 0.03 0.03 0.01 0.01 
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Table XI. Descriptive statistics for Hiniker Pond by parameter during sampling season 
May- November 2011 
Parameter 
# of 
Samples Minimum Maximum Mean 
Standard 
Error 
Standard 
Deviation 
E. ecoli (CFU/100ml) 13 0.0 2,419.6 198.21 185.26 667.96 
pH 13 4.5 8.0 7.23 0.25 0.90 
Conductivity Surface 
(mohm/cm) 13 0.986 1.123 1.05 0.01 0.05 
Conductivity 5ft 
(mohm/cm) 13 0.986 1.141 1.06 0.02 0.05 
Conductivity 10ft 
(mohm/cm) 13 0.989 1.144 1.07 0.02 0.06 
Conductivity 15ft 12 1.010 1.153 1.10 0.02 0.06 
Temperature Surface (°C) 13 8.1 30.0 20.40 1.66 5.99 
Temperature 5ft  (°C) 13 8.2 27.9 19.90 1.59 5.73 
Temperature 10ft  (°C) 13 8.2 24.4 17.67 1.35 4.88 
Temperature 15ft  (°C) 12 8.2 20.3 13.58 1.11 3.86 
Secchi Disk (M) 13 0.5 2.5 1.38 0.17 0.61 
Dissolved Oxygen Surface 
(ppm) 13 8.30 15.70 10.07 0.57 2.04 
Dissolved Oxygen 5ft 
(ppm) 13 6.98 15.40 9.74 0.58 2.11 
Dissolved Oxygen 10ft 
(ppm) 13 0.20 10.00 3.76 0.98 3.53 
Dissolved Oxygen 15ft 
(ppm) 12 0.00 8.75 1.23 0.72 2.51 
TP Surface (ppm) 13 0.07 0.66 0.14 0.04 0.16 
TP 10ft (ppm) 13 0.06 0.15 0.11 0.01 0.03 
P-PO4  Surface (ppm) 13 0.02 0.59 0.12 0.04 0.15 
P-PO4 10ft (ppm) 13 0.02 0.14 0.06 0.01 0.04 
N-NO2 Surface (ppm) 13 0.0003 0.0120 0.01 0.00 0.00 
N-NO2 10ft (ppm) 13 0.0026 0.0184 0.01 0.00 0.00 
N-NO3Surface (ppm) 12 0.1 1.2 0.71 0.10 0.34 
N-NO310ft (ppm) 12 0.4 1.5 0.75 0.08 0.26 
N-NH3  Surface (ppm) 3 0.2 3.5 1.43 1.04 1.80 
N-NH3 10ft ((ppm) 3 0.1 5.4 2.10 1.66 2.88 
SO4 Surface (ppm) 12 97.4 129.4 109.77 3.37 11.68 
SO4 10ft (ppm) 12 88.8 123.0 106.08 3.42 11.84 
Copper Surface (ppm) 3 0.050 0.864 0.32 0.27 0.47 
Copper 10ft (ppm) 3 0.116 1.720 0.84 0.47 0.81 
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Table XII'HVFULSWLYHVWDWLVWLFVIRU+DOOHWW¶V3RQGE\SDUDPHWHUGXULQJVDPSOLQJVHDVRQ
May- November 2011 
Parameter 
# of 
Samples Minimum Maximum Mean 
Standard 
Error 
Standard 
Deviation 
E. ecoli (CFU/100ml) 13 0.0 1,553.1 142.44 118.72 428.06 
pH 12 6.4 8.4 7.62 0.17 0.58 
Conductivity Surface 
(mohm/cm) 13 0.458 0.675 0.57 0.02 0.07 
Conductivity 5ft 
(mohm/cm) 12 0.461 0.675 0.59 0.02 0.07 
Conductivity 10ft 
(mohm/cm) 12 0.475 0.684 0.59 0.02 0.06 
Conductivity 15ft 10 0.540 0.936 0.66 0.04 0.11 
Temperature Surface (°C) 13 8.3 30.4 20.74 1.71 6.15 
Temperature 5ft  (°C) 12 8.5 29.2 20.33 1.78 6.17 
Temperature 10ft  (°C) 12 8.7 26.3 19.55 1.60 5.56 
Temperature 15ft  (°C) 10 8.7 24.1 18.21 1.68 5.30 
Secchi Disk (M) 12 0.8 3.5 2.19 0.28 0.97 
Dissolved Oxygen Surface 
(ppm) 13 8.20 17.00 10.09 0.63 2.27 
Dissolved Oxygen 5ft 
(ppm) 12 7.80 19.00 10.24 0.88 3.03 
Dissolved Oxygen 10ft 
(ppm) 12 7.90 16.10 10.87 0.78 2.70 
Dissolved Oxygen 15ft 
(ppm) 11 0.66 18.50 7.50 1.64 5.45 
TP Surface (ppm) 13 0.02 0.90 0.15 0.06 0.23 
TP 10ft (ppm) 13 0.03 0.11 0.07 0.01 0.02 
P-PO4  Surface (ppm) 13 0.01 0.16 0.04 0.01 0.05 
P-PO4 10ft (ppm) 13 0.01 0.09 0.03 0.01 0.02 
N-NO2  Surface (ppm) 13 0.0240 0.0498 0.0350 0.00 0.01 
N-NO2 10ft (ppm) 13 0.0243 0.0505 0.0376 0.00 0.01 
N-NO3 Surface (ppm) 12 1.2 3.5 2.00 0.23 0.78 
N-NO3 10ft (ppm) 12 1.5 3.4 2.32 0.20 0.68 
N-NH3 Surface (ppm) 3 0.1 4.7 1.63 1.53 2.66 
N-NH3 10ft (ppm) 3 0.1 2.7 1.07 0.82 1.42 
SO4 Surface (ppm) 12 27.8 46.8 35.58 1.63 5.65 
SO4 10ft (ppm) 12 28.5 45.0 35.74 1.50 5.21 
Copper Surface (ppm) 3 0.021 0.037 0.03 0.01 0.01 
Copper 10ft (ppm) 3 0.007 0.025 0.02 0.01 0.01 
 
C. Statistical Analysis 
 Results of a statistical analysis using a Wilcoxon non-parametric T-test comparing 
+LQLNHU3RQGWR+DOOHWW¶VPond for field parameters, sulfates, and nutrient levels is 
presented in Table XIII. The lower the P-value for each parameter, the more similar 
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+LQLNHUDQG+DOOHWW¶V3RQGVZHre to each other and any changes were the same for the 
other.  A P-value of 0.05 was used as a standard showing a 95% confidence interval. 
 
Table XIII. Summary of a Wilcoxon non-parametric T-test (bold indicates significant 
FRUUHODWLRQDWDFRQILGHQFHLQWHUYDOEHWZHHQ+LQLNHUDQG+DOOHWW¶V3RQGV for data 
collected May ± November 2011. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Numbers in bold in Table XIII indicate that there was a significant correlation between 
+LQLNHUDQG+DOOHWW¶V3RQGZLWKUHVSHFWWRWKDWSDUDPHWHU7KLVLQGLFDWHVWKDWWKHWZR
water bodies responded to seasonal variations similarly.  E. Coli, SO4, and dissolved 
Parameter P-Value 
E. ecoli (CFU/100ml) 0.861 
pH 0.061 
Conductivity Surface (mohm/cm) 0.001 
Conductivity 5ft (mohm/cm) 0.002 
Conductivity 10ft (mohm/cm) 0.002 
Conductivity 15ft 0.005 
Temperature Surface (°C) 0.074 
Temperature 5ft  (°C) 0.003 
Temperature 10ft  (°C) 0.003 
Temperature 15ft  (°C) 0.005 
Secchi Disk (M) 0.015 
Dissolved Oxygen Surface (ppm) 0.753 
Dissolved Oxygen 5ft (ppm) 0.583 
Dissolved Oxygen 10ft (ppm) 0.002 
Dissolved Oxygen 15ft (ppm) 0.003 
TP Surface (ppm) 0.157 
TP 10ft (ppm) 0.006 
P-PO4 Surface (ppm) 0.005 
P-PO4 10ft (ppm) 0.003 
N-NO2 Surface (ppm) 0.001 
N-NO2 10ft (ppm) 0.001 
N-NO3  Surface (ppm) 0.003 
N-NO3 10ft (ppm) 0.003 
SO4 Surface (ppm) 0.002 
SO4  10ft (ppm) 0.002 
N-NH3 Surface (ppm) 1.000 
N-NH3 10ft ((ppm) 0.285 
Copper Surface (ppm) 0.109 
Copper 10ft (ppm) 0.109 
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oxygen showed a significant difference between Hiniker anG+DOOHWW¶V3RQGLQUHVSHFWWR
seasonal variation. 
 
D. Carlson Trophic State Index 
 The Carlson Trophic State Index was determined for Oxbow Lake, Hiniker Pond 
DQG+DOOHWW¶V3RQGusing average total phosphorous and Secchi Disk levels.  These data 
are presented in Table XIV.   
Table XIV. Summary of Carlson Trophic State Index by water body in 2011 
Water Body 
Mean TP 
(ppb) 
Mean Secchi/ 
Turbidity Tube (M) Value Description 
Oxbow lake 489 0.15 >80 Hyper eutrophic 
Hiniker Pond 127 1.39 67 Eutrophic 
+DOOHWW¶VPond 109 2.18 56 Eutrophic 
 
E. Rainfall Data 
 Summarized in Table XV are the rainfall data, based on 7-day totals for May to 
November 2011.  The testing season was significantly drier than in previous years.  
Traditionally July is the wettest season, but in this case was very dry while August was 
significantly wetter than normal (Minnesota DNR, 2007). 
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Table XV. Regional rainfall data based on 7-day totals from the National Weather 
Service for Mankato, MN, May to November 2011 
Week of: 
Total Precipitation 
(inches) Week of: 
Total Precipitation  
(inches) 
4-May 0.38 10-Aug 0.1 
11-May 0.34 17-Aug 0.18 
18-May 0.45 24-Aug 0 
25-May 0.35 31-Aug 0.16 
1-Jun 0 7-Sep 0 
8-Jun 0.11 14-Sep 0 
15-Jun 1.77 21-Sep 0.16 
22-Jun 0.69 28-Sep 0 
29-Jun 0.27 5-Oct 0 
6-Jul 0 12-Oct 0.46 
13-Jul 2.62 19-Oct 0 
17-Jul 0.68 26-Oct 0 
24-Jul 0.09 2-Nov 0 
3-Aug 8.11 9-Nov 0 
 
 
F. Ground Water Flow Modeling 
 1. GFLOW  
 The results of the GFLOW model are shown in Figure 14.  The flow lines show 
that the majority of the aquifer (groundwater) flows to the northwest into the Minnesota 
River. 
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Figure 14. GFLOW model results showing estimated subsurface water flow for Hiniker 
Pond and surrounding areas, North Mankato, MN 
 
2. MODFLOW 
The MODFLOW simulation showing the layer setup, wells, surface terrains (with 
2x vertical exaggeration), lakes, rivers, and bedrock are presented in Figure 15.  A heavy 
metal contamination plume was simulated using the MT3DMS engine using values 
presented in Appendix VII.  Figures 16, 17, and 18 shows the heavy metal plume (lead as 
indicator) modeled by various time stages, 30 days, 1 year, and 4.5 years, respectively.  A 
conductivity of 59 feet per day horizontally and 5.9 feet per day vertically was used based 
on lab piezometer test averages (Hoppie, 2012).  As the plume undergoes advection and 
slowly diffuses laterally, it makes contact with the Minnesota River, never contacting 
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Hiniker Pond or Oxbow Lake through subsurface flow.  Using higher and lower 
conductivities, adsorption coefficients, and dispersivity values, minimum, maximum, and 
most probable cases of contamination showed negligible difference in the size and extent 
of the contamination plume.  These numbers were determined by using a plus or minus 
one standard deviation on either side of the averages.  Only when dispersivity was 
changed to be 100 times the calculated conductivity of the aquifer material was lead able 
to reach Hiniker Pond and Oxbow Lake.   However this output is not a possible real life 
situation. 
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Figure 15.  A three-Dimensional view of Hiniker Pond area with all hydrological features using Visual MODFLOW Premier.  
The top layer shows terrain, light blue is Hiniker Pond and Oxbow Lake, dark blue indicates the Minnesota River, light brown 
is the first layer of soil, and dark brown shows the bedrock. 
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Figure 16.  Estimated heavy metal plume (lead as a surrogate) from Year-A-Round Cab Company after 30 days. 
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Figure 17.  Estimated heavy metal plume (lead as a surrogate) from Year-A-Round Cab Company after 329 days. 
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Figure 18.  Estimated heavy metal plume (lead as a surrogate) from Year-A-Round Cab Company after 1623 days. 
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The results of a simulated BTEX plume were modeled using the RT3D engine.  
The properties of the layers and the model were not changed from what was used to 
model the lead contamination plume and are presented in Appendix VII.  The BTEX 
plume models can be seen in Figures 19, 20, 21, and 22 at intervals of 30, 90, 365 days, 
and 5 years, respectively.  The values of conductivity and dispersivity to obtain 
minimum, maximum, and most probable cases of contamination were calculated by using 
plus or minus one standard deviation of the averages as with heavy metals.  The changes 
showed no discernable or relevant impact on the general shape, size, or final 
concentration of the BTEX contamination plume.  The plume contacts both Hiniker Pond 
and Oxbow Lake within 30 days as seen in Figure 19, and continues to grow as it makes 
contact with the Minnesota River at about one year, and then shrinks as it flows into the 
river.  Cases of minimum and maximum contamination also contacted Hiniker Pond and 
Oxbow Lake in less than 30 days and the Minnesota River slightly before or after one 
year, but within a few days. 
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Figure 19. Estimated BTEX plume (toluene as a surrogate) from Year-A-Round Cab Company after 30 days. 
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Figure 20. Estimated BTEX plume (toluene as a surrogate) from Year-A-Round Cab Company after 90 days. 
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Figure 21. Estimated BTEX plume (toluene as a surrogate) from Year-A-Round Cab Company after 365 days. 
. 
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Figure 22. Estimated BTEX plume (toluene as a surrogate) from Year-A-Round Cab Company after 1,826 days. 
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CHAPTER VI 
 
DISCUSSION 
 
A.  BTEX and Heavy Metals 
 BTEX compounds were not found in any of the sediment or water samples.  This 
could be due to a number of factors. One possible reason is the small number of samples 
taken due to the project¶s financial constraints.  Only surface samples were tested.  
However, BTEX compounds in soil were found at the site at depths of 1-1.5 feet in 1985 
and at an even greater depth in 2010 (manholes).  Given the documented contamination, 
physical evidence such as discolored soils and heavy sheening observed in 2011 at the 
US-14 ditch and Oxbow lake, Figure 23 and 24 respectively, it is likely that hydrocarbons 
are  present at the site.  Our sampling was limited to public access points in US-14 ditch, 
2[ERZ/DNHDQG+LQLNHUDQG+DOOHWW¶V3RQGV:HGLGQRWKDYHSHUPLVVLRQWRJRRQVLWH
(110 and 112 West Lind Street). 
The MODFLOW with the RT3D engine suggests that BTEX contamination is 
likely to enter Hiniker Pond and Oxbow Lake through ground water.  This was 
consistently demonstrated with the model using the minimum, maximum, and most 
probable cases of contamination.  As of September 24, 2010, there was a significant 
amount of BTEX on site. 
 Water samples did not contain Pb, Cd, or Cr.  However, the GFLOW 
potentiometric map indicated, if metals were present in Oxbow Lake, they would be 
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transported into Hiniker Pond.  These metals would probably be incorporated in to the 
sediments.  Dissolved oxygen levels in the lower depths of Hiniker Pond were less than 1 
mg/L 9 out of 12 times.  When DO levels are this low, it is highly probable that Pb, Cd, 
Cr, and phosphorous nutrients would be mobilized from sediment into the water column.  
To support this idea, using copper (Cu) as a surrogate for Pb, Cd, and Cr, Cu levels on 
7/27/2011 were 1.7 mg/L and DO was near zero. On 10/25/2012, Cu levels were 0.116 
mg/L and DO was greater than 2 mg/L.  On 10/25/2012 when DO was 2 mg/L Cu levels 
were ten-fold lower than DO was near zero.   
Heavy metals, Cr, Pb, and Cd, were found in sediment samples at varying levels. 
The US-14 ditch sediment had 30 times higher level of Pb than sediment collected from 
+DOOHWW¶V3RQG US-14 ditch had 10 times higher OHYHOVRI&GDQG&UWKHQ+DOOHWW¶V3RQG 
These data are shown in Figure 25.  Oxbow Lake, which is directly down stream from the 
US-14 ditch, had 4-5 times higher levels of Pb, Cd, and Cr than +DOOHWW¶V3RQGUsing Pb 
as a representative of heavy metals, the MODFLOW MT3DMS model indicated that the 
metals are being transported by surface runoff. 
  
	  	  
67	  
 
Figure 23.  Heavy sheening present in Oxbow Lake on May 19, 2011 
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Figure 24.  Drainpipe confirmed by MPCA to be running from internal drains of former 
Year-A-Round Cab Company into US-14 Ditch with sheening and discoloration.
	  	  
69	  
20.7
11.6
3.49
2.01
30.8
7.01
0.02 0.02
1.25
0.471 0.208 0.129
0
5
10
15
20
25
30
35
Ditch 14 Sediment Oxbow Lake Sediment Hiniker Pond Sediment Halle 's Pond Sediment
m
g/
kg
Site Loca on
Chromium
Lead
Cadmium
 
Figure 25.  Heavy metals found in sediment at study locations, May 19, 2011 
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B. Water Quality 
 1. Total Phosphorus (TP) and Reactive Phosphorus (P-PO4) 
 +LQLNHUDQG+DOOHWW¶V3RQGZHUHERWKFlassified as eutrophLFRQWKH&DUORQ¶V
Trophic State Index.  Oxbow lake is hyper-eutrophic.  It is very shallow, only 4 feet deep 
and receives storm water run-off a number of pipes.  Hiniker Pond is influenced by 
surface runoff from Oxbow Lake and ground water flow, as shown in Figure 14.   
Hiniker Pond and +DOOHWW¶V3RQGhave very similar levels of TP and P-PO4 (Figures 26 
and 27 respectively).  Throughout most the season the TP and P-PO4 levels were below 
0.20 ppm (12 out of 13 timeVIRU+LQLNHU3RQGDQGRXWRIWLPHVIRU+DOOHWW¶V3RQG
After the 8 inches of precipiation (Figure 28) received during the week of 8/3/2011, TP 
and P-PO4 levels increased dramatically in both Hiniker and HaOOHWW¶V3RQGV+RZHYHU
TP and P-PO4 levels in Hiniker Pond were two times greater than the increased levels 
PHDVXUHGLQ+DOOHWW¶V3RQG.  This may be explained by differences in the watershed.  
Hiniker Pond is surrounded by a park, residential areas, and urban areas, while +DOOHWW¶V
Pond has an externsive a riparian buffer zone.  The correlation between precipitation 
events and changes in surface phosphorus is fairly strong, showing an R value of 0.91 in 
a linear regression, presented in Appendix XI. 
In early September, LQ+DOOHWW¶V3RQGTP and P-PO4 levels increased 
dramatically, even higher than 8 inch storm event.  This was not related to a storm event 
or low DO levels in the bottom of the pond (8 mg/L).  There was now corresponding 
increase in Hiniker Pond.  7KHUHKDGWREHDQRWKHUVRXUFHRISKRVSKRUXVWR+DOOHWW¶V
Pond.  
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Figure 26. Total phosphorus measured in Hiniker and Hallett¶V3RQG0D\- November 2011 recorded in mg/L P in surface water 
sample
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Figure 27. Reactive SKRVSKRUXVPHDVXUHGLQ+LQLNHUDQG+DOOHWW¶V3Rnd May - November 2011 recorded in mg/L P in surface 
water samples
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Figure 28.  Total weekly precipitation for Mankato and surrounding areas in inches, May -November 2011.
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2. Nitrate and Nitrite 
 Nitrate measured as N-NO3, fluctuated in both ponds over the sampling season 
(Figure 29).  In samples collected before $XJXVW+DOOHWW¶V3RQGKDGas high as 
four times the amount of nitrate than was in Hiniker Pond.  The storm event the week of 
$XJXVWKDGDQHIIHFWRQ+LQLNHUDQG+DOOHWW¶V3RQGV2Q+DOOHWW¶V3RQGWKH
nitrate levels were at their lowest levels after the storm.  For Hiniker Pond, the nitrate 
levels were the highest after the storm.  The levels of nitrate 10 feet deep mirrored the 
surface nitrate levels in both ponds (Figure 30). 
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Figure 30.  N-NO3 measured at a depth of 10 feet in mg/L in surface water samples from HiniNHUDQG+DOOHWW¶V3RQGV0D\- 
November 2011. 
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3. Sulfates and Conductivity 
 Sulfate levels were quite different between +LQLNHUDQG+DOOHWW¶V3ond as shown 
in Figure 31.  On average Hiniker Pond maintained a sulfate level of about three times 
WKDWRI+DOOHWW¶V3RQGSulfate levels at the surface and 10 foot depths were consistently 
the same in each pond (Appendix XII).   
Conductivity is an indicator of the dissolved ions in water.  The conducitvity of 
+LQLNHU3RQGLVKLJKHUWKHQWKHFRQGXFWLYLW\RI+DOOHWW¶V3RQG as shown in Figure 32.  
This is due to the differences in the sulfate levels described above.  The lowest 
FRQGXFLWLYW\LQ+DOOHWW¶V3RQd was after the storm of event the week of August 3rd, 2011.  
There was no dilution effect (decrease in conductivity) on Hiniker Pond after the storm 
event. 
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Figure 316XUIDFHVXOIDWHOHYHOVLQ+LQLNHUDQG+DOOHWW¶V3RQGPHasured as mg/L SO4 from May - November 2011. 
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Figure 326XUIDFHFRQGXFWLYLW\OHYHOVLQ+LQLNHUDQG+DOOHWW¶V3RQGPeasured as mohm/cm from May - November 2011. 
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 4. Temperature and pH 
 7KHWHPSHUDWXUHRI+LQLNHUDQG+DOOHWW¶VPonds followed a predictable seasonal 
change and mirrored each other (Figure 33). The warmest temperature was in July and 
coolest was the end of October.  
7KHS+SURILOHVIRU+LQLNHUDQG+DOOHWW¶V3RQGVDUHSUHVHQWHGLQ)LJXUHOther 
then the July 28th measurements, the ponds have very similar pHs.  Hiniker Pond and to a 
OHVVRUH[WHQW+DOOHWW¶V3RQGKDGDVLJQLILFDQWGURSLQS+LQPLG-XO\  These data points 
are questionable. 
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Figure 33.  Surface water temperatures in degrees cHOVLXVIRU+LQLNHUDQG+DOOHWW¶V3RQGV0D\- November 2011. 
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Figure 346XUIDFHZDWHUS+RI+LQLNHUDQG+DOOHWW¶V3RQG0D\± November 2011.
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 5. Dissolved Oxygen 
 The Dissolved Oxygen (DO) profiles IRU+LQLNHUDQG+DOOHWW¶s Ponds are 
presented in Figures 35 and 36 respectively.  In Hiniker Pond the surface and 5 foot 
levels mostly remained above 8 mg/L.  However, in the deepest water, the DO was close 
to zero 9 out of 12 times.  For Hiniker Pond the low DO levels in the water just above the 
sediment allows mass transport of heavy metals and phosphorus into the water.   
 )RU+DOOHWW¶V3RQG'2OHYHOVLQWKHVXUIDFHDQGIRRWOHYHOVDOVRUHPDLQHGDERYH
8 mg/L and was even supersaturated in August.  Supersaturation was probably due to 
algae photosysnthesis.  In the deepest water, the DO level was less than 2 mg/L 1 out of 
13 times.  There was a dramatic increase in DO levels in the deepest waters July 14th.  
This data point is suspect. 
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Figure 35.  Dissolved oxygen levels in Hiniker Pond measured in mg/L at 5 foot interval May- November 2011 
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   Figure 36'LVVROYHGR[\JHQOHYHOVLQ+DOOHWW¶V3RQGPHDVXUHGLQPJ/DWIRRWLQWHUYDO0D\- November 2011
	  	  
86	  
6. E. Coli 
 E. Coli levels for +LQLNHUDQG+DOOHWW¶V3RQGVare presented in Figure 37.  E. Coli 
levels exceeded health standards once after the week of August 3rd storm event.  Hiniker 
3RQGKDGWLPHVWKHOHYHOVRI(&ROLDVWKDWRI+DOOHWW¶V3RQG 
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Figure 37.  (&ROL/HYHOVLQ+LQLNHUDQG+DOOHWW¶V3RQGVLQ&)8POVDPSOHV0D\-November, 2011 
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C. Conclusions 
(1) The results of sediment testing and ground water modeling strongly suggest 
that the former Year-A-Round Cab Company site was a source of heavy metals to the 
US-14 ditch, Oxbow Lake, and potentially Hiniker Pond.  Based on models, the heavy 
metals would reach Hiniker Pond primarily through surface water run off.  These heavy 
metals would probably wind up in the sediments.  Low DO levels in the deepest water 
could result in the release of heavy metals back into the water column.   
(2) Based on models, if BTEX compounds are being released from the former 
Year-A-Round Cab Company site, they will reach Hiniker Pond through ground water. 
(3) +DOOHWW¶V3RQGLVDJRRGUHIHUHQFHVLWHIRU+LQLNHU3RQGH[FOXGLQJVXOIDWHV1-
NO3 and DO (deepest water).   
 
D. Recommendations 
1. Heavy Metals 
Continued and more extensive sampling for heavy metals in the sediment of 
Hiniker Pond, Oxbow Lake, and US-14 ditch would paint a better picture of probable 
metal contamination in the area.  Funding will need to be found to complete this.  
Gaining access to the West Lind street site would allow the opportunity to test the soil 
and compare those results to those in Appendix I.  This would also show more evidence 
as to the source of the metals.  More extensive testing of the water at the sediment water 
interface would be very important to determining if metals are released into the water 
column under low (less than 2 mg/L) DO conditions.  Storm water monitoring would also 
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be important to determining the path of the metals if contamination is spreading by the 
flow in the ditches.  A testing season that has a higher number of storm events would be 
beneficial.   
2. BTEX 
 BTEX samples should be taken at levels deeper than 1.5 feet in areas where the 
models indicuated BTEX would probably exist.  Gaining access to the site and sampling 
sediment and groundwater near the manholes in the flow path, at known distances in the 
estimated plume, and in the direction towards Hiniker Pond and Oxbow Lake would be 
beneficial to determining contamination if it is present.  Ground water sampling wells 
should be installed based on BTEX MODFLOW models for long term monitoring of the 
site and adjacent areas. 
3. Modeling 
 More extensive modeling with MODFLOW should be completed.  Through the 
use of column studies, more accurate adsoption, dispersion, and degradation values will 
be achieved for each metal and BTEX compound being tested for.  More soil, sediment, 
and aquifer material testing will also yield more accurate modeling parameters.   
4. Nutrient Testing 
+DOOHWW¶V3RQGVKRXOGEHFRQWLQXHGWREHXVHGDVDreference site for Hiniker Pond 
and Hiniker Pond should be continued to be tested for nutrients due to a lack of long term 
data available. 
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GPS Coordinates of Sampling Sites 
 
 
 
 Site    Latitude   Longitude 
 
 Hiniker Pond   ¶1   ¶: 
 
 HaOOHWW¶VSRQG   ¶1   ¶: 
 
 Oxbow Lake   ¶1   ¶: 
 
 US -14 Ditch   ¶ N   94° 01.103¶: 
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AND MODFLOW GROUNDWATER MODELS 
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Layer 1 Properties 
(trial and error also used to keep cells wet) 
 
B (Aquifer Thickness) = 5 feet  Default bulk density: 43.198kg/ft3 
Ss (Specific Storage) =0.0001 
Sy (Specific Yield) =0.2 
Pe (Effective Porosity) =0.2 
Pt (Total Porosity) =0.3 
Kx/y (Horizontal/Lateral Conductivity)= 3.97feet/day 
Kz (Vertical Conductivity) (Kxy/10)=0.397 feet/day 
 
Layer 2 Properties 
 
B (Aquifer Thickness) = 50 feet (estimated on borings) 
Ss (Specific Storage) =0.0001 
Sy (Specific Yield) =0.27 (calculated) 
Pe (Effective Porosity) =0.38 (calculated) 
Pt (Total Porosity) =0.5 
Kx/y (Horizontal/Lateral Conductivity)= 59 feet/day 
Kz (Vertical Conductivity) (Kxy/10)=5.9 feet/day 
 
Calculations for layer 2: 
 
Conductivity: K as tested in Lab using constant head test: 
 
Trial 1 and 2: 
 
H (cm)  rH (cm) V (ml)  Constants: 
54  5  104  A (cm3) 31.2 
42  5  59  L (cm)  14 
69  5  141  t (sec)  60 
70  5  288   
45  5  195 
26  5  126 
K=(VL)/(AtH) 
 
Averages= 0.0233cm/sec=18.4M/day=59.0feet/day 
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Porosity: 
 
(Vd/Vw)/(Vw)=P   Averaged P= 0.365 
 
Vw  Vd 
14.687  9.269   
15.107  9.560 
14.902  9.558 
Dry Density: 
24.911g/9.269cm3 
25.589g/9.560cm3 
25.768g/9.558cm3 
=Averaged: 2.68g/cm3 
 =2680kg/m3 
 
Dispersion default: 32.808 feet/day 
 
Lead parameters: 
 
DL=0.01754L^1.46  Fetter Equation (10.9) 
L=300M (0.3KM) 
DL= (0.003) (default 0.011) 
 
SP1= 235 (based on pH of 7.2 in soil on semi logarithmic plot of C/C0 
(Lee et al., 1998) 
 
SP2= 0.2 
(Shawabkeh, R. & Mahasneh, B., 2004)   
 
Coeff= 1 (default) 
 
BTEX parameters: 
 
All used as default 	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Lake/ 
Waterbody Date 
E. ecoli 
(CFU/100ml
) pH 
Conductivity 
Surface 
(mohm/cm) 
Conductivity 
5ft 
(mohm/cm) 
Conductivity 
10ft 
(mohm/cm) 
HINIKER 5/19 2.0 7.9 1.098 1.114 1.144 
HINIKER 6/1 2.0 6.8 1.041 1.095 1.133 
HINIKER 6/14 98.7 7.9 1.119 1.119 1.127 
HINIKER 6/22 5.1 7.3 1.086 1.117 1.138 
HINIKER 7/12 6.3 7.3 1.123 1.141 1.128 
HINIKER 7/27 4.1 4.5 1.057 1.073 1.112 
HINIKER 8/15 2,419.6 7.1 1.060 1.058 1.070 
HINIKER 8/30 0.0 7.9 1.011 1.012 1.045 
HINIKER 9/13 4.1 7.5 1.014 1.014 1.042 
HINIKER 9/27 18.7 7.1 0.999 1.000 1.002 
HINIKER 10/11 4.1 7.4 0.986 0.986 0.989 
HINIKER 10/25 3.0 7.2 1.019 1.019 1.019 
HINIKER 11/9 9.0 8.0 1.011 1.010 1.010 
       
Lake/ 
Waterbody Date 
Conductivity 
15ft 
(mohm/cm) 
Temperatur
e Surface 
(°C) 
Temperature 
5ft  (°C) 
Temperatur
e 10ft  (°C) 
Temperatur
e 15ft  (°C) 
HINIKER 5/19 1.152 18.1 16.0 12.7 9.6 
HINIKER 6/1 1.153 19.7 18.5 13.7 10.0 
HINIKER 6/14 1.139 20.5 20.7 18.5 11.0 
HINIKER 6/22 1.128 22.4 21.8 18.2 11.1 
HINIKER 7/12 1.134 26.5 26.4 20.8 18.9 
HINIKER 7/27 1.112 30.0 27.9 22.1 14.7 
HINIKER 8/15 1.110 26.5 25.4 24.4 14.7 
HINIKER 8/30 1.153 24.1 24.1 23.3 15.8 
HINIKER 9/13 1.099 22.1 22.6 21.6 20.3 
HINIKER 9/27 1.012 17.3 17.1 16.9 16.7 
HINIKER 10/11 
 
17.9 18.0 17.3 
 HINIKER 10/25 1.019 12.0 12.0 12.0 12.0 
HINIKER 11/9 1.010 8.1 8.2 8.2 8.2 
       
Lake/ 
Waterbody Date 
Secchi Disk 
(M) 
Dissolved 
Oxygen 
Surface 
(ppm) 
Dissolved 
Oxygen 5ft 
(ppm) 
Dissolved 
Oxygen 10ft 
(ppm) 
Dissolved 
Oxygen 15ft 
(ppm) 
HINIKER 5/19 1.5 15.70 10.20 3.50 
 HINIKER 6/1 1.0 11.20 10.10 0.20 0.00 
HINIKER 6/14 1.5 8.93 9.04 0.75 0.08 
HINIKER 6/22 2.5 8.40 7.60 1.70 0.07 
HINIKER 7/12 2.5 8.50 10.00 10.00 2.00 
HINIKER 7/27 1.8 11.30 15.40 0.40 0.20 
HINIKER 8/15 1.8 9.00 8.60 2.00 0.20 
HINIKER 8/30 1.0 11.50 11.40 0.30 0.00 
HINIKER 9/13 1.0 10.20 10.50 2.50 0.10 
HINIKER 9/27 0.5 8.54 6.98 3.60 0.60 
HINIKER 10/11 1.0 9.40 9.40 6.90 0.20 
HINIKER 10/25 1.0 8.30 7.90 7.60 2.50 
HINIKER 11/9 1.0 10.00 9.45 9.45 8.75 
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Lake/ 
Waterbody Date 
Total P 
Surface 
(ppm) 
Total P 10ft 
(ppm) 
P-PO4 
Surface 
(ppm) 
P-PO4 10ft 
(ppm) 
N-NO2 
Surface 
(ppm) 
HINIKER 5/19 0.10 0.12 0.10 0.14 0.0069 
HINIKER 6/1 0.10 0.11 0.08 0.11 0.0030 
HINIKER 6/14 0.09 0.06 0.12 0.11 0.0076 
HINIKER 6/22 0.10 0.08 0.04 0.02 0.0037 
HINIKER 7/12 0.09 0.11 0.03 0.04 0.0013 
HINIKER 7/27 0.10 0.14 0.06 0.04 0.0120 
HINIKER 8/15 0.66 0.10 0.59 0.05 0.0061 
HINIKER 8/30 0.08 0.15 0.04 0.05 0.0064 
HINIKER 9/13 0.10 0.13 0.26 0.02 0.0003 
HINIKER 9/27 0.15 0.09 0.09 0.02 0.0053 
HINIKER 10/11 0.07 0.08 0.02 0.02 0.0070 
HINIKER 10/25 0.14 0.13 0.02 0.04 0.0015 
HINIKER 11/9 0.10 0.11 0.14 0.10 0.0046 
       
Lake/ 
Waterbody Date 
N-NO2 10ft 
(ppm) 
N-NO3 
Surface 
(ppm) 
N-NO3 10ft 
(ppm) 
SO4 Surface 
(ppm) 
SO4 10ft 
(ppm) 
HINIKER 5/19 0.0071 0.6 0.8 
  HINIKER 6/1 0.0064 1.0 0.7 115.0 114.0 
HINIKER 6/14 0.0071 1.1 0.6 129.4 121.0 
HINIKER 6/22 0.0032 0.7 0.8 117.0 117.0 
HINIKER 7/12 0.0026 0.5 0.7 117.8 111.8 
HINIKER 7/27 0.0184 0.8 0.7 101.6 99.4 
HINIKER 8/15 0.0147 1.2 1.5 97.6 88.8 
HINIKER 8/30 0.0118 0.1 0.8 127.0 123.0 
HINIKER 9/13 0.0087 0.4 0.4 100.8 91.2 
HINIKER 9/27 0.0031 0.5 0.6 97.6 94.2 
HINIKER 10/11 0.0068 0.5 0.8 102.0 106.4 
HINIKER 10/25 0.0042 
  
114.0 110.0 
HINIKER 11/9 0.0044 1.1 0.7 97.4 96.2 
       
Lake/ 
Waterbody Date 
N-NH3 
Surface 
(ppm) 
N-NH3 10ft 
(ppm) 
Copper 
Surface 
(ppm) 
Copper 10ft 
(ppm) 
 HINIKER 5/19 
     HINIKER 6/1 
     HINIKER 6/14 
     HINIKER 6/22 
     HINIKER 7/12 3.5 5.4 
   HINIKER 7/27 0.6 0.8 0.864 1.720 
 HINIKER 8/15 0.2 0.1 0.050 0.690 
 HINIKER 8/30 
     HINIKER 9/13 
     HINIKER 9/27 
     HINIKER 10/11 
     HINIKER 10/25 
  
0.050 0.116 
 HINIKER 11/9 
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Lake/ 
Waterbody Date 
E. ecoli 
(CFU/100ml) pH 
Conductivity 
Surface 
(mohm/cm) 
Conductivity 
5ft 
(mohm/cm) 
Conductivity 
10ft 
(mohm/cm) 
HALLETT 5/19 3.1 8.2 0.675 0.675 0.684 
HALLETT 6/1 33.6 7.9 0.620 0.661 0.665 
HALLETT 6/14 18.1 8.3 0.668 0.668 0.671 
HALLETT 6/22 1,553.1 7.5 0.572 
  HALLETT 7/12 7.4 
 
0.577 0.577 0.595 
HALLETT 7/27 0.0 6.4 0.524 0.525 0.564 
HALLETT 8/15 221.1 7.9 0.458 0.461 0.475 
HALLETT 8/30 3.0 8.4 0.475 0.675 0.568 
HALLETT 9/13 1.0 7.6 0.511 0.511 0.511 
HALLETT 9/27 5.1 7.5 0.565 0.565 0.566 
HALLETT 10/11 5.2 7.0 0.584 0.583 0.584 
HALLETT 10/25 0.0 7.2 0.604 0.605 0.608 
HALLETT 11/9 1.0 7.6 0.628 0.627 0.628 
       
Lake/ 
Waterbody Date 
Conductivity 
15ft 
(mohm/cm) 
Temperature 
Surface (°C) 
Temperature 
5ft  (°C) 
Temperature 
10ft  (°C) 
Temperature 
15ft  (°C) 
HALLETT 5/19 0.708 17.6 17.1 15.9 12.9 
HALLETT 6/1 0.693 19.3 18.8 18.4 12.4 
HALLETT 6/14 0.678 21.4 21.4 20.9 20.0 
HALLETT 6/22 
 
23.0 
   HALLETT 7/12 0.679 27.5 27.8 25.1 19.0 
HALLETT 7/27 0.602 30.4 29.2 26.3 24.1 
HALLETT 8/15 0.570 27.7 26.3 25.3 23.8 
HALLETT 8/30 0.936 23.7 24.2 24.0 21.4 
HALLETT 9/13 0.540 22.4 22.8 22.9 22.6 
HALLETT 9/27 0.575 17.5 17.4 17.4 17.2 
HALLETT 10/11 
 
18.2 17.9 17.7 
 HALLETT 10/25 
 
12.6 12.6 12.0 
 HALLETT 11/9 0.627 8.3 8.5 8.7 8.7 
       
Lake/ 
Waterbody Date 
Secchi Disk 
(M) 
Dissolved 
Oxygen 
Surface 
(ppm) 
Dissolved 
Oxygen 5ft 
(ppm) 
Dissolved 
Oxygen 10ft 
(ppm) 
Dissolved 
Oxygen 15ft 
(ppm) 
HALLETT 5/19 3.5 10.40 9.90 12.30 
 HALLETT 6/1 3.5 8.20 8.00 7.90 14.70 
HALLETT 6/14 2.0 8.24 8.30 8.90 4.20 
HALLETT 6/22 
 
9.90 
   HALLETT 7/12 3.5 8.40 7.80 16.02 18.50 
HALLETT 7/27 1.8 10.80 12.10 16.10 2.30 
HALLETT 8/15 0.8 17.00 19.00 11.30 4.00 
HALLETT 8/30 0.8 10.80 10.86 10.70 0.66 
HALLETT 9/13 2.0 9.00 9.00 9.30 3.70 
HALLETT 9/27 1.5 10.00 9.76 9.51 7.99 
HALLETT 10/11 2.5 9.00 8.50 8.70 6.60 
HALLETT 10/25 2.0 9.30 9.30 9.40 9.60 
HALLETT 11/9 2.5 10.12 10.31 10.25 10.26 
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Lake/ 
Waterbody Date 
Total P 
Surface 
(ppm) 
Total P 10ft 
(ppm) 
P-PO4 
Surface 
(ppm) 
P-PO4 10ft 
(ppm) 
N-NO2 
Surface 
(ppm) 
HALLETT 5/19 0.05 0.05 0.04 0.05 0.0487 
HALLETT 6/1 0.05 0.05 0.04 0.05 0.0416 
HALLETT 6/14 0.11 0.06 0.05 0.05 0.0485 
HALLETT 6/22 0.09 0.09 0.01 0.01 0.0498 
HALLETT 7/12 0.10 0.08 0.04 0.02 0.0332 
HALLETT 7/27 0.02 0.08 0.02 0.01 0.0315 
HALLETT 8/15 0.27 0.03 0.16 0.02 0.0310 
HALLETT 8/30 0.04 0.04 0.01 0.04 0.0243 
HALLETT 9/13 0.11 0.08 0.01 0.01 0.0240 
HALLETT 9/27 0.90 0.04 0.02 0.02 0.0253 
HALLETT 10/11 0.05 0.11 0.02 0.02 0.0262 
HALLETT 10/25 0.07 0.08 0.03 0.03 0.0363 
HALLETT 11/9 0.10 0.08 0.12 0.09 0.0350 
       
Lake/ 
Waterbody Date 
N-NO2 10ft 
(ppm) 
N-NO3 
Surface 
(ppm) 
N-NO3 10ft 
(ppm) 
SO4 Surface 
(ppm) 
SO4 10ft 
(ppm) 
HALLETT 5/19 0.0436 3.5 3.3 
  HALLETT 6/1 0.0424 3.0 3.4 46.8 45.0 
HALLETT 6/14 0.0500 3.2 3.4 43.9 44.0 
HALLETT 6/22 0.0505 1.9 2.0 39.0 41.0 
HALLETT 7/12 0.0404 1.5 2.3 34.0 35.6 
HALLETT 7/27 0.0484 1.3 2.3 27.8 31.4 
HALLETT 8/15 0.0398 1.2 1.5 29.3 30.2 
HALLETT 8/30 0.0258 1.7 2.0 38.0 36.0 
HALLETT 9/13 0.0243 1.5 1.7 30.7 28.5 
HALLETT 9/27 0.0261 1.5 2.0 34.1 34.1 
HALLETT 10/11 0.0282 1.7 1.7 34.5 35.9 
HALLETT 10/25 0.0342 
  
32.6 32.3 
HALLETT 11/9 0.0353 2.0 2.2 36.2 34.9 
       
Lake/ 
Waterbody Date 
N-NH3 
Surface 
(ppm) 
N-NH3 10ft 
(ppm) 
Copper 
Surface 
(ppm) 
Copper 10ft 
(ppm) 
 HALLETT 5/19 
     HALLETT 6/1 
     HALLETT 6/14 
     HALLETT 6/22 
     HALLETT 7/12 4.7 2.7 
   HALLETT 7/27 0.1 0.1 0.021 0.014 
 HALLETT 8/15 0.1 0.4 0.021 0.007 
 HALLETT 8/30 
     HALLETT 9/13 
     HALLETT 9/27 
     HALLETT 10/11 
     HALLETT 10/25 
  
0.037 0.025 
 HALLETT 11/9 
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Lake/ 
Waterbody Date E. ecoli Turbidity pH 
Conductivity 
Surface 
(mohm/cm) 
Temperature 
Surface (°C) 
OXBOW 5/19 22.6 
 
7.2 1.202 14.2 
OXBOW 6/1 2,419.6 17 6.4 0.253 14.5 
OXBOW 6/14 142.4 7 6.8 0.727 17.1 
OXBOW 6/22 2,419.6 13 6.8 0.464 19.5 
OXBOW 7/12 2,419.6 13 6.7 0.119 22.2 
OXBOW 7/27 2,419.6 15 5.7 0.187 26.0 
OXBOW 8/15 1,299.7 32 7.0 0.432 22.0 
OXBOW 8/30 
 
25 6.9 0.419 18.4 
OXBOW 9/13 
 
22 7.4 0.272 18.7 
OXBOW 9/27 178.2 7 6.8 0.938 16.2 
OXBOW 10/11 2,419.6 11 6.7 0.790 16.0 
OXBOW 10/25 488.4 39 6.9 0.461 11.0 
OXBOW 11/9 1,723.9 2 7.5 0.594 6.7 
       
Lake/ 
Waterbody Date 
Dissolved 
Oxygen 
Surface 
(ppm) 
Total P 
Surface 
(ppm) 
P-PO4 
Surface 
(ppm) 
N-NO2 
Surface 
(ppm) 
N-NO3 
Surface 
(ppm) 
OXBOW 5/19 6.80 0.10 0.09 0.0075 0.1 
OXBOW 6/1 0.24 0.90 0.44 0.0323 0.5 
OXBOW 6/14 1.04 0.56 0.16 0.0147 0.9 
OXBOW 6/22 4.40 0.29 0.14 0.0365 0.6 
OXBOW 7/12 5.70 0.16 0.08 0.0460 0.8 
OXBOW 7/27 4.60 0.14 0.07 0.0473 1.1 
OXBOW 8/15 2.00 0.22 0.08 0.1142 1.2 
OXBOW 8/30 0.88 0.44 0.08 0.0226 0.8 
OXBOW 9/13 6.72 1.11 0.28 0.1085 0.3 
OXBOW 9/27 1.56 0.47 0.02 0.0123 0.8 
OXBOW 10/11 0.41 0.98 0.22 0.7650 0.2 
OXBOW 10/25 6.62 0.14 0.02 0.0020 
 OXBOW 11/9 4.72 0.50 0.08 0.1398 0.3 
       
       
Lake/ 
Waterbody Date 
SO4 
Surface 
(ppm) 
N-NH3 
Surface 
(ppm) 
Copper 
Surface 
(ppm) 
  OXBOW 5/19 
     OXBOW 6/1 14.0 
    OXBOW 6/14 5.8 
    OXBOW 6/22 24.8 
    OXBOW 7/12 1.3 3.7 
   OXBOW 7/27 0.2 0.2 0.032 
  OXBOW 8/15 34.4 0.6 0.021 
  OXBOW 8/30 19.3 
    OXBOW 9/13 6.8 
    OXBOW 9/27 96.2 
    OXBOW 10/11 114.8 
    OXBOW 10/25 104.4 
 
0.066 
  OXBOW 11/9 51.7 
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Lake/ 
Waterbody Date E. ecoli Turbidity pH 
Conductivity 
Surface 
Temperature 
Surface (°C) 
DITCH 14 5/19 
   
1.967 15.9 
DITCH 14 6/1 
     DITCH 14 6/14 
 
6 8.6 0.832 18.7 
DITCH 14 6/22 1,203.3 29 7.5 0.185 20.9 
DITCH 14 7/12 
     DITCH 14 7/27 648.8 28 4.1 0.180 28.0 
DITCH 14 8/15 488.4 4 7.9 1.822 26.2 
DITCH 14 8/30 
     DITCH 14 9/13 
     DITCH 14 9/27 
     DITCH 14 10/11 
     DITCH 14 10/25 
     
       
Lake/ 
Waterbody Date 
Dissolved 
Oxygen 
Surface 
(ppm) 
Total P 
Surface 
(ppm) 
P-PO4 
Surface 
(ppm) 
N-NO2 
Surface 
(ppm) 
N-NO3 
Surface 
(ppm) 
DITCH 14 5/19 4.40 0.13 0.10 0.0062 0.9 
DITCH 14 6/1 
     DITCH 14 6/14 15.11 0.37 0.07 0.0328 1.4 
DITCH 14 6/22 4.66 0.20 0.11 0.0120 0.9 
DITCH 14 7/12 
     DITCH 14 7/27 5.80 0.20 0.14 0.0267 0.7 
DITCH 14 8/15 8.10 1.30 0.03 0.0462 0.8 
DITCH 14 8/30 
     DITCH 14 9/13 
     DITCH 14 9/27 
     DITCH 14 10/11 
     DITCH 14 10/25 
     
       
Lake/ 
Waterbody Date 
Sulfates 
Surface 
(ppm) 
N-NH3 
Surface 
(ppm) 
Copper 
Surface 
(ppm) 
  DITCH 14 5/19 
     DITCH 14 6/1 
     DITCH 14 6/14 131.2 
    DITCH 14 6/22 0.2 
    DITCH 14 7/12 
     DITCH 14 7/27 7.3 0.1 0.019 
  DITCH 14 8/15 284.0 5.0 1.990 
  DITCH 14 8/30 
     DITCH 14 9/13 
     DITCH 14 9/27 
     DITCH 14 10/11 
     DITCH 14 10/25 
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APPENDIX	  XI	  	  LINEAR	  REGRESSION	  FOR	  TOTAL	  PHOSPHORUS	  MEASURED	  	  ON	  THE	  SURFACE	  OF	  HINIKER	  POND	  AND	  TOTAL	  WEEKLY	  	  RAINFALL	  MAY-­‐	  NOVEMBER	  2011	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Linear Regression for Surface TP Hiniker Pond and Total Weekly Precipitation  
 
Data source: Data 1 in Notebook1 
 
Col 3 = 0.0887 + (0.0702 * Col 2)  
 
N  = 13  Missing Observations = 0  
 
R = 0.991 Rsqr = 0.981 Adj Rsqr = 0.980 
 
Standard Error of Estimate = 0.022  
 
  Coefficient Std. Error t   P    
Constant 0.0887 0.00659 13.459 <0.001   
Col 2 0.0702 0.00291 24.112 <0.001   
 
Analysis of Variance: 
   DF   SS   MS    F    P   
Regression 1 0.288 0.288 581.412 <0.001  
Residual 11 0.00545 0.000496    
Total 12 0.294 0.0245    
 
Normality Test (Shapiro-Wilk) Passed (P = 0.698) 
 
Constant Variance Test: Passed (P = 0.352) 
 
Power of performed test with alpha = 0.050: 1.000	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APPENDIX	  XII	  	  
	
͵ͺǤ		ǯ	  AT	  THE	  SURFACE	  AND	  DEPTH	  OF	  10	  FEET.	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